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(57) Abstract 



An apparatus (21) comprising a flexible elongate member (31) 
having proximal and distal extremities (31a, 31b) and having a 
passageway (51) extending from the proximal extremity to the distal 
extremity. A handle (33) is coupled to the proximal extremity of 
the flexible elongate member for introducing the distal extremity 
of the flexible elongate member into a natural body opening of a 
body. The flexible elongate member has a length so that when 
the distal extremity is in the vicinity of a wall forming a cavity 
accessible from the opening the proximal extremity is outside of the 
body. A needle (61) is disposed in the passageway and is accessible 
from the proximal extremity of the flexible elongate member for 
movement from a retracted position disposed in the passegeway to 
an extended position disposed out of the passegeway for penetrating 
the wall. The needle has a distal end portion (61b) provided with 
at least one opening (71) and a passage (63) extends through the 
needle to the opening. A supply assembly (27) including at least 
one reservoir (92) of at least one nonaqueous solution capable of 
forming a nonbiodegradable solid in the body is coupled to the 
proximal extremity of the flexible elongate member for introducing 
the nonaqueous solution through the passage and the at least one 
opening in the needle into the wall. The nonbiodegradable solid 
forms from the nonaqueous solution in the wall to treat the wall. 
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APPARATUS FOR TREATING GASTROINTESTINAL TRACT 
AND KIT FOR SAME 



This invention pertains to the treatment of the gastrointestinal tract and, more particularly, to the formation 
of implants in the wall forming the gastrointestinal tract. 

Gastroesophageal reflux disease (GERD) is a failure of the anti-reflux barrier, allowing abnormal reflux of 
gastric contents into the esophagus of the gastrointestinal tract. Gastroesophageal reflux disease is a disorder which 
is usually characterized by a defective lower esophageal sphincter (LES), a gastric emptying disorder with or without 
failed esophageal peristalsis. The disease usually manifests itself during "transient lower esophageal sphincter 
relaxation" episodes, the frequency of which is greatly increased in patients who reflux. Medical or drug therapy 
is the first line of management for gastroesophageal refluxes. However, drug management does not address the 
condition's mechanical etiology. Thus symptoms recur in a significant number of sufferers within one year of drug 
withdrawal. In addition, while medical therapy may effectively treat the acid-induced symptoms of gastroesophageal 
reflux disease, esophageal mucosal injury may continue due to ongoing alkaline reflux. Since gastroesophageal 
reflux disease is a chronic condition, medical therapy involving acid suppression and/or promotility agents may be 
required for the rest of a patient's life. 

The expense and psychological burden of a lifetime of medication dependence, undesirable life style changes, 
uncertainty as to the long term effects of some newer medications and the potential for persistent mucosal changes 
despite symptomatic control, all make surgical treatment of gastroesophageal reflux disease an attractive option. 
Unfortunately, surgical intervention is a major operation with all attendant morbidities, mortality and risk of failure 
requiring further surgery in the case of over-correction. Laparoscopic surgery requires a very high level of skill 
and special training for it to be successful. 

Minimally invasive approaches have been tried for treating gastroesophageal reflux disease, but have had 
only transient effects. Such approaches include the injection of sclerosing agents at the level of the gastric cardia. 
Injections of other biodegradable substances have been tried, but have proven to provide only a short duration of 
activity. 

Tracheoesophageal fistulas are a serious, end stage complication of cancers arising in the lung, tracheo-bronchial 
tree and the esophagus. The nature and extent of the disease almost always precludes curative therapy and, therefore, 
palliative measures are the goals of therapy. Unfortunately, many reported successful procedures fail to improve 
the patients' conditions to the point that the patient is able to be released from the hospital. The "in-hospital" mortality 
is often higher than the 30-day mortality. 

Increases in the expertise of endoscopists and esophagoscopy have permitted esophageal endoprostheses to 
be utilized in the treatment of tracheo-esophageal fistulas. Such procedures include stenting or other intubation of 
the esophagus. Unfortunately, the funnel rim of conventional stents used in this regard is often a poor fit with gaps 
between the rim and the mucosa of the esophageal wall. As a result, food and saliva are often allowed to pass between 
the mucosa and the outer surface of the prosthesis, thereby defeating the purpose of the prosthesis. In light of the 
foregoing, there is a need for a new and improved procedure for treating tracheo-esophageal fistulas which overcomes 
the disadvantages of the currently provided procedures. 
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Blood vessels, and specifically veins, in the gastrointestinal tract of a body can often become enlarged. For 
example, a vein which becomes enlarged and lengthened is known as a varix. Such varices can occur in the wall 
of the gastrointestinal tract, for example in the vicinity of the lower esophageal sphincter. A dilated vein at the margin 
of the anus or nearby within the rectum is known as a hemorrhoid. An erosion in the mucous membrane of the 
5 gastrointestinal tract is known as an ulcer. Bleeding from ulcers can be either from veins or arteries. Varices, 
hemorrhoids and ulcers are more suspectable to undesirable bleeding than normal vessels. 

Sclerotherapy is used to treat bleeding of esophageal varices. However, rebleeding is still common in patients 
receiving sclerotherapy. In addition, the injection of sclerosing agents induces various local and systemic complications. 
Ligation was developed in an attempt to provide an endoscopic therapy that would be at least as effective as 
10 sclerotherapy but have fewer complications. Unfortunately, relatively large vessels can be difficult to ligate. In 
addition, the ligation procedure can cause tears in the vessel. Hemorrhoids have been treated in the same manner 
as varices, but these treatment techniques suffer from the same disadvantages discussed above. 

For patients with severely bleeding ulcers, surgery may be required to cauterize the vasculature in the vicinity 
of the ulcer. Unfortunately, surgical intervention is a major operation with all attendant morbidities, mortality and 
15 risk of failure requiring further surgery. 

Fecal incontinence, which is most common in the elderly, is the loss of voluntary control to retain stool in 
the rectum. In most patients, fecal incontinence is initially treated with conservative measures, such as biofeedback 
training or alteration of the stool consistency. Biofeedback is successful in approximately two-thirds of patients 
who retain some degree of rectal sensation and functioning of the external anal sphincter. However, multiple sessions 
20 are often necessary, and patients need to be highly motivated. Electronic home biofeedback systems are available 
and may be helpful as adjuvant therapy. Several surgical approaches to fecal incontinence have been tried, with 
varying success, when conservative management has failed. These treatments include sphincter repair, gracilis or 
gluteus muscle transposition to reconstruct an artificial sphincter and colostomy. The approach that is used depends 
on the cause of the incontinence and the expertise of the surgeon. For example, biodegradable compounds have 

2 5 been injected or introduced into the anal sphincter to bulk or augment the rectal wall. Unfortunately, such biodegradable 

compounds are resorbed by the body and thus become ineffective over time. In addition, such surgical interventions 
suffer from the same disadvantages discussed above with respect to GERD. 

In general, it is an object of the present invention to provide a minim ally invasive treatment and apparatus 
for treating the gastrointestinal tract. 

3 0 Another object of the invention is to provide a treatment and apparatus of the above character for injecting 

a material into the wall forrning the gastrointestinal tract to form one or more implants in the wall for augmenting 
or bulking the wall. 

Another object of the invention is to provide a treatment and apparatus of the above character in which the 
material is a nonbiodegradable material. 
3 5 Another object of the invention is to provide a treatment and apparatus of the above character in which the 

material is injected as at least one solution and thereafter forms a solid. 
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Another object of the invention is to provide a treatment and apparatus of the above character in which the 
at least one solution includes a solution from which a nonbiodegradable solid precipitates. 

Another object of the invention is to provide a treatment and apparatus of the above character in which the 
solution includes a biocompatible polymer and a biocompatible solvent. 
5 Another object of the invention is to provide a treatment and apparatus of the above character in which an 

aqueous or physiologic solution is introduced into the wall to condition the wall. 

Another object of the present invention is to provide a treatment and apparatus of the above character for 
treating gastroesophageal reflux disease in which one or more implants are formed in the wall forming the esophagus 
and/or stomach in the vicinity of the lower esophageal sphincter. 
1 0 Another object of the invention is to provide a rninimally invasive treatment and apparatus of the above character 

for treating tracheo-esophageal fistulas by forrning one or more implants in the wall to facilitate support of a stent 
in the esophagus and formation of a seal between the esophageal wall and the stent. 

Another object of the invention is to provide a treatment and apparatus of the above character for treating 
vessels in the gastrointestinal wall, such as varices, hemorrhoids and gastric ulcers, by injecting a material into a 
15 vessel to substantially occlude the vessel. 

Another object of the invention is to provide a treatment of the above character for fecal incontinence in which 
one or more implants are formed in the wall in the vicinity of the anal sphincter. 

Another object of the invention is to provide a treatment of the above character in which one or more implants 
of a nonbiodegradable material are formed in the anal sphincter for augmenting the anal sphincter. 

2 0 Another object of the invention is to provide a treatment and apparatus of the above character which is reversible. 

Additional objects and features of the invention will appear from the following description from which the 
preferred embodiments are set forth in detail in conjunction with the accompanying drawings. 

FIG. 1 is a perspective view of an apparatus of the present invention for treating the upper gastrointestinal 

tract. 

25 FIG. 2 is a cross-sectional view of a portion of the apparatus of FIG. 1 taken along the line 2-2 of FIG. 1. 

FIG. 3 is an enlarged side view of the distal portion of the apparatus of FIG. 1 taken along the line 3-3 of 

FIG. 1. 

FIG. 4 is an enlarged side view, similar to FIG. 3, of the distal portion of another embodiment of the apparatus 
of the present invention for treating the upper gastrointestinal tract. 

3 0 FIG - 5 is a cross-sectional view of a proximal portion of the apparatus of FIG. 1 taken along the line 5-5 of 

FIG. 1. 

FIG. 6 is a schematic view of the apparatus of FIG. 1 practicing the method for treating gastroesophageal 
reflux disease of the present invention. 

FIG. 7 is an enlarged elevational view of the lower esophageal sphincter of FIG. 6 taken along the line 7-7 
35 of FIG. 6. 

FIG. 8 is an enlarged elevational view, similar to FIG. 7, of a portion of the lower esophageal sphincter showing 
another step of the method of the present invention. 
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FIG. 9 is a cross-sectional view of the lower esophageal sphincter of FIG. 7 at the level of the gastric cardia 
taken along the line 9-9 of FIG. 7 showing partial coaptation of the esophagus from a method of the present invention. 

FIG. 1 0 is a cross-sectional view, similar to FIG. 9, of the lower esophageal sphincter showing partial coaptation 
of the esophagus from another method of the present invention. 
5 FIG. 1 1 is a cross-sectional view, similar to FIG. 9, of the lower esophageal sphincter showing complete 

coaptation of the esophagus from a further method of the present invention. 

FIG. 12 is a cross-sectional view ofthe lower esophageal sphincter taken along the line 12-12ofFIG.7showing 
partial coaptation in two spaced apart positions of the esophagus after completion of yet a further method ofthe present 
invention. 

1 0 FIG. 1 3 is a cross-sectional view, similar to FIG. 8, of the lower esophageal sphincter showing augmentation 

and/or coaptation ofthe esophagus from another method ofthe present invention. 

FIG. 14 is an enlarged side elevational view, similar to FIG. 4, ofthe distal portion of another embodiment 
ofthe apparatus for treating gastroesophageal reflux disease ofthe present invention. 

FIG. 15 is an enlarged side elevation view, similar to FIG. 5, of the distal portion of a further embodiment 
15 ofthe apparatus for treating the upper gastrointestinal tract ofthe present invention. 

FIG. 16 is an isometric view of a portion of another embodiment of an apparatus for treating the upper 
gastrointestinal tract ofthe present invention. 

FIG. 17 is another isometric view of the apparatus of FIG. 16. 

FIG. 18 is a plan view of a kit, somewhat schematic and partially cut away, for treating the upper portion 
20 ofthe gastrointestinal tract in accordance with any of the methods ofthe present invention. 

FIG. 1 9 is a cross-sectional view, similar to FIG. 9, ofthe lower esophageal sphincter at the level ofthe gastric 
cardia as treated by a method of the present invention. 

FIG. 20 is a cross-sectional view, similar to FIG. 19, ofthe lower esophageal sphincter at the level ofthe 
gastric cardia as treated by a method of the present invention. 

2 5 FIG. 2 1 is a sectional view of a portion of the human body in which a portion of the anal sphincter is being 

augmented by a method of the present invention. 

FIG. 22 is a cross-sectional of a portion ofthe anal sphincter of FIG. 21 taken along the line 22-22 of FIG. 

21. 

FIG. 23 is a perspective view of an apparatus for use in the method for treating the anal sphincter ofthe present 

3 0 invention. 

In general, an apparatus and kit for treating a gastrointestinal tract in a body of a mammal are provided. At 
least one implant is formed in the wall forming the gastrointestinal tract. In one preferred treatment, a nonaqueous 
solution is introduced into the wall and a nonbiodegradable solid is formed in the wall from the at least one nonaqueous 
solution to treat the wall. A kit for use in the procedure is provided. 
3 5 The treatment of the present invention can be performed with an apparatus of the type shown in FIG. 1 . 

Apparatus or medical device 2 1 shown therein includes a probe member or probe 22 having an optical viewing device 
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23. A needle assembly 26 is slidably carried by probe 22. Treatment device 2 1 further includes a supply assembly 
27 mounted to the proximal end portion of needle assembly 26. 

A conventional or other suitable gastroscope or endoscope can be used for probe 22. The exemplary probe 
22 shown in FIG. 1 is an Olympus CF Type 40L/I endoscope made by Olympus Corporation of Tokyo Japan. Probe 
5 22 includes a flexible elongate tubular member or insertion tube 3 1 having proximal and distal extremities 31a and 
3 lb and a distal face 32. Insertion tube 3 1 has been sectioned in FIG. 1 so that only a portion of proximal extremity 
31a and distal extremity 3 lb are shown. A handle means or assembly is coupled to proximal extremity 31a of the 
insertion tube 3 1 and includes a conventional handle 33. The tubular insertion tube 3 1 is provided with a plurality 
of bores or passageways extending from proximal extremity 3 la to distal extremity 3 lb. A plurality of five such 

10 passageways, including a central passageway 36, are shown in FIG. 2. 

An optical viewing device 23 is formed integral with conventional probe 22 and has an optical element or 
objective lens 37 carried by the central passageway 36 of insertion tube 3 1 . The lens 37 has a field of view at distal 
face 32 which permits the operator to view forwardly of insertion tube distal extremity 3 lb. Optical viewing device 
37 further includes an eye piece 41 mounted on the proximal end of handle 33. Second and third illumination 

1 5 passageways 42 are provided in insertion tube 3 1 peripherally of central passageway 36 for carrying respective light 
fiber assemblies or light guides 43. A connection cable 46, a portion of which is shown in FIG. 1, extends from 
handle 33 to a conventional light source 47. First and send light guides 43 extend through insertion tube 31 and 
cable 46 for providing illumination forwardly of insertion tube 31. 

A working passageway or channel 5 1 is further provided in insertion tube 3 1 and extends to a side port 52 

20 formed inhandle 33. An additional passageway 5 6 extends through insertiontube 31 and can be used as an air and/or 
water outlet. Insertion tube 3 1 is flexible so as to facilitate its insertion and advancement through a body and is provided 
with a bendable distal end for selectively directing distal face 32 in a desired direction. A plurality of finger operable 
controls 57 are provided on handle 33 for, among other things, operating the bendable distal end of insertion tube 
3 1 and the supply and removal of fluids through the insertion tube 3 1 . 

2 5 Needle assembly 26 can be of any conventional type such as a modified sclerotherapy needle similar to the 

Bard® Flexitip™ needle manufactured by C.R. Bard, Inc. of Billerica, Maryland. Needle assembly 26 includes a 
needle member or needle 6 1 having a proximal end portion 6 1 a and a distal end portion 61b and an optional sleeve 
member or sleeve 62 having a proximal end portion or extremity 62a and a distal end portion or extremity 62b. Sleeve 
or elongate tubular member 62 is made from any suitable material such as flexible plastic or metal and has a lumen 

30 extendmglongitadniaUymere^ The sleeve 62 and the needle 61 are slidable relative 

to each other in a longitudinal direction. In this regard, tubular needle 6 1 is slidably disposed in sleeve 62 and movable 
from a retracted position in which the tubular needle is recessed within distal end portion 62b of sleeve to an extended 
position in which the needle 6 1 projects distally of the sleeve 62. Needle 6 1 and sleeve 62 can be slidably disposed 
within working channel 51 and side port 62 ofinsertion tube 31 and each have a length so that when distal end portions 

35 6 lb and 62b are extending from distal extremity 3 lb of the insertion tube 3 1 or otherwise in the vicinity of distal 
face 32, proximal end portions 61a and 62a are accessible at side port 52. 
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The hollow or tubular needle 6 1 has a passage 63 extending longitudinally therethrough from proximal end 
portion 6 1 a to distal end portion 61b. The modified needle distal end portion 6 lb is made from any suitable material 
such as stainless steel and has a size ranging from 16 to 28 gauge and preferably ranging from 23 to 26 gauge. As 
shown most clearly in FIG. 3, the distal end portion 61b has a cylindrical wall 66 for forming internal passage 63 
5 and also has a sharpened or beveled distal end 67 formed in part by a tapered end surface 68. At least one opening 
7 1 is provided in distal end portion 6 1 and can include or consist of an opening 71a provided in tapered end surface 
68. As an alternative to or in addition to opening 71a, at least one and as shown a plurality of openings 71 can be 
provided in cylindrical wall 66. A plurality of two openings 71b and two additional openings 71c are provided in 
wall 66. Openings 71b are diametrically disposed relative to each other, so as to be 180° apart, and openings 71c 

10 are also diametrically disposed relative to each other but offset 90° from openings 71b. The openings 7 1 c are spaced 
longitudinally behind the openings 71b. Openings 71b and 71c can be any suitable shape or size and are shown 
as being elongate or oblong in shape. It should be appreciated that a needle distal endportion 61b having only openings 
7 lb or openings 7 1 c can be provided and be within the scope of the present invention. In one embodiment of needle 
6 1 , tapered surface 68 is closed and openings 7 1 provided only in cylindrical wall 66. Needle proximal end portion 

15 61a and the central portion of needle 61 can be made from plastic, metal or any other suitable material. 

Another embodiment of the modified distal end portion of the needle 6 1 is shown in FIG. 4 . Distal end portion 
6 lb' therein has a sharpened or pointed distal end 76 which is generally conical in shape. No opening 7 1 is provided 
in the closed pointed end 76. A plurality of three circurnferentiaUy-disposed openings 7 1 d are provided in cylindrical 
wall 66 proximal of pointed end 76. Openings 7 Id are circumferentially spaced apart at separation angles of 

2 0 approximately 120°. A second set of three openings 7 1 e extend through cylindrical wall 66 proximal of openings 
71d. Openings71e are also circumferentially spaced apart at separation angles of approximately 120°. Theopenings 
71e are angularly offset about the centerline of distal end portion 61b' relative to the opening 71d. 

A fluid connector 8 1 is secured or coupled to proximal end portion 6 1 a of needle 6 1 and a gripping member 
or grip 82 is secured to the proximal end portion 62a of the sleeve 62 (see FIG. 1). Fluid connector 8 1 includes first 

2 5 and second luer fitting portions 83 and 84, or any other suitable fitting portions, which communicate with passage 

63 in needle 6 1 . First luer fitting portion 83 is capped in FIG. 1 . Fluid connector 8 1 and grip 82 are longitudinally 
movable relative to each other so as to cause relative longitudinal movement between needle 6 1 and sleeve 62. More 
specifically, grip 82 can be slid forwardly and rearwardly on proximal end portion 61a of the needle 61 relative to 
fluid connector 8 1 . Movement of grip 82 forwardly relative to fluid connector 8 1 causes distal end portion 62b of 

3 0 sleeve 62 to extend fully over distal end portion 61b of the needle 61 so that the needle has fully retracted within 

sleeve 62. Conversely, movement of grip 82 rearwardly relative to fluid connector 8 1 causes sleeve distal endportion 
62b to retract relative to needle distal end portion 61b so as to expose the needle distal end portion 61b. 

The handle means of treatment device 21 includes supply assembly 27 coupled to proximal extremity 31a 
of insertion tube 31 (see FIG. 1). More specifically, supply assembly 27 is secured to the proximal extremity of 
3 5 needle assembly 26. The supply assembly 27 is included within the means of treatment device 2 1 for introducing 
a liquid or solution through passage 63 of needle 61 and out one or more of the openings 71 provided in the needle 
distal end portion 61b. Supply assembly 27 comprises a conventional syringe or first syringe 9 1 having a reservoir 
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or barrel 92 provided with any suitable fitting portion such as luer fitting portion 93 at the forward end thereof and 
a plunger 94 for dispelling liquid within barrel 92 through luer fitting portion 93. The supply assembly 27 further 
includes second and third reservoirs in the form of second and third syringes 96 and 97. The second syringe 96 is 
filled with dimethyl sulfoxide (DMSO) or any other suitable liquid. The third syringe 97 is filled with a saline solution 
5 or any other suitable aqueous or physiologic solution. 

A manifold assembly or manifold 98 is provided for coupling syringes 91,96 and 97 to fluid connector 8 1 . 
In one embodiment, the manifold 98 has a plurality of three stop cocks 101-103 and a plurality of at least two and 
as shown a plurality of four ports or luer fitting portions. A first luer fitting portion 104 cooperatively mates with 
the forward luer fitting portion 93 of syringe 9 1 . A second luer fitting portion 1 06 cooperatively mates with second 

1 0 luer fitting portion 84 of the fluid connector 8 1 . Third and fourth luer fitting portions 107 and 108 are additionally 
provided. The third luer fitting portion 107 is connected by a tube 109, a portion of which is shown in FIG. 1, to 
second syringe 96 and the fourth luer fitting portion 108 is connected by a tube 1 10, a portion of which is shown 
inFIG. 1, to third syringe 97. The stop cocks 101-103 operate in a conventional manner to direct fluid flow between 
the luer fitting portions 104 and 106-108. In a further embodiment of the invention (not shown), syringe 91 can be 

15 secured directly to fluid connector 8 1 or the proximal end portion 61a of needle 61 . It should be appreciated that 
manifold 98 can alternatively be provided with less than or greater than four luer fitting portions or be of any other 
configuration for coordinating fluid flow from a plurality of syringes or other fluid reservoirs. 

Supply assembly 27 further includes a delivery device or gun 1 1 1 for supplying a plurality of discrete preselected 
amounts of the fluid within barrel 92 to needle 6 1 (see FIGS. 1 and 5). Gun 1 1 1 has a cylindrical housing 1 12 made 

20 from plastic or any other suitable materia Housing 112 is formed from abase portion 

1 13 and a cover portion 1 14pivotally secured to the base portion 1 13 by hinge 1 16. A latch 1 17 is pivotally coupled 
to the cover portion 1 14 for engaging base portion 1 1 3 and thereby locking the cover portion 1 14 in a closed position. 
Housing 1 1 2 has a forward opening 1 1 8 for receiving luer fitting portion 93 of the syringe 9 1 . A handle 1 26 made 
from plastic or any other suitable material depends from base portion 113. The handle 126 has an internal cavity 

25 127. First and second spaced-apart reinforcing members 128 and 129 extend downwardly from the base portion 
1 13 at the front and rear of handle 126. The reinforcing members 128 and 129 are longitudinally aligned and each 
provided with a bore 132 extending longitudinally therethrough and opening into internal cavity 127. A rod 136 
made from plastic or any other suitable material is slidably disposed within bores 132. The rod 136 has a paddle 
1 37 extending upwardly from the rear thereof perpendicularly to the longitudinal axis of the rod. Paddle 1 37 is adapted 

30 to engage the end ofsyringe plunger 94. Aring 138 sized for receiving a fmgerofahuman hand extends rearwardly 
from paddle 137 for facilitating the pulling of rod 136 rearwardly in bores 132. 

Rod 136 and paddle 137 are included within the finger operable means of gun 1 1 1 for causing incremental 
relative movement between barrel 92 and plunger 94 of the syringe 9 1 . A trigger 141 extends from an opening 142 
at the front of handle 126 below rod 136. The trigger is slidably disposed in a direction parallel to the longitudinal 

35 axisofrod 136 between first and second spaced-apart guides 143 provided in internal cavity 127. Trigger 141 moves 
between a first or fully extended position to a second or fully retracted position. A lever 146 is pivotally coupled 
to handle 126 by means of a pin 147. The lever 146 has a first end portion 146a which extends behind trigger 141 
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andasecond end portion 146b having a wedge-like shape for engaging one of a plurality of longitudinally spaced-apart 
notches formed in the bottom of rod 136. When trigger 141 is pulled rearwardly by the finger of a human hand, 
the trigger engages lever first end portion 146a to cause the lever 146 to pivot about pin 147 from a first or home 
position to a second or operational position. Lever second end portion 1 46b moves forwardly during this half-stroke 
5 to engage one of notches 148 and cause the rod 136 to move forwardly relative to housing 1 12. The paddle 137 
follows rod 136 and incrementally pushes plunger 94 into barrel 92 for each pull of trigger 141. 

A fixed stop 151 is provided in handle 126 for limiting the rearward movement of trigger 141 and thus 
deterrnining the incremental amount of fluid within barrel 92 dispelled from the syringe 9 1 with each pull of trigger 
141. The rearward travel of trigger 141 can be selectively limited by means of one or more additional pins or stops 

10 152,oneofwhichisshowninFIG.5. Adjustable limit pin 152 is slidably mounted within handle 126 for movement 
from a first position out of the path of trigger 141 to a second position within the path of the trigger 141 so as to 
selectively limit the rearward stroke of trigger 141 when engaged and placed in its second position. 

A coil spring 156 or any other suitable biasing number having one end coupled to a pin 157 mounted within 
handle 126 and a second end secured to the second end portion 146b of lever 146 is provided. Spring 156 urges 

15 lever 146 back to its home position, out of engagement with notches 148, when the finger pressure on trigger 141 
is released. Spring 156 causes lever first end portion 146a to push trigger 141 outwardly from opening 142 to its 
home position. 

A finger operable adjustment mechanism 166 is connected to needle proximal end portion 61a and sleeve 
proximal end portion 62a for causing longitudinal relative movement between the needle 6 1 and the sleeve 62. The 
2 0 adjustment mechanism 1 66 can be of any suitable type for use with any suitable needle assembly having a needle 
and sleeve which are adjustable relative to each other. One embodiment of such an adjustment mechanism 166 is 
carried by gun 1 1 1 . As shown in FIG. 1 , such adjustment mechanism 1 66 has a first or forward post 1 67 and a second 
or rear post 1 68 extend upwardly from the top of cover portion 114. The longitudinally spaced-apart posts 1 67 and 
168 extend perpendicularly to barrels 92. A siidable member or slide bar 171 is slidably mounted in a bore (not 

2 5 shown) provided in forward post 167 for forward and rearward movement in a direction parallel to barrel 92. A 

thumbscrew 172 having an enlarged head 172a is slidably disposed in a bore (not shown) provided in rear post 168. 
Screw head 1 72a abuts rear post 1 68 and the other end of screw 1 72 is threadably received within the back end of 
slide bar 171. Counterclockwise rotation of thumb screw 172 relative to rear post 168 causes slide bar 171 to move 
rearwardly toward forward post 167, while clockwise rotation of the thumb screw 172 results in the slide bar 171 

3 0 moving forwardly away from post 1 67. An L-shaped coupler 1 73 is pivotaliy coupled to the forward end of slide 

bar 171 by means of a pin 174. The coupler 173 has first and second spaced-apart arms 176 forming a slot 178 
therebetween for receiving the central portion of grip 82. A screw 179 extends between the arms 176 for locking 
the arms to grip 82 and thus longitudinally locking sleeve 62 relative to needle 61. 

Treatment device 2 1 can be used for any suitable procedure such as the treatment of gastroesophageal reflux 
3 5 disease (see FIGS. 6-12). A portion of a human body 184 is shown in FIGS. 6-8 and has an internal cavity in the 
form of esophagus 1 86 extending through a lower esophageal sphincter 1 87 to a stomach 188. Such cavity is accessible 
by a natural body opening in the form of mouth 192 and is defined by a wall 193. Esophagus 186 is part of the 
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gastrointestinal tract of body 184 that extends frommouth 192 to an anus (not shown in FIGS. 6-8). The esophageal 
mucosa 196 serves as the inner layer of the intraluminal wall 193 in the esophagus 186 and the gastric mucosa 197 
serves as the inner layer of the intramural wall 193 in the stomach 188. The esophageal mucosa and the gastric mucosa 
meetatthe squamous columnarjunction 198. Wall 193 further includes a muscle layer comprising layer of circular 
5 muscle 201 extending beneath mucosa layers 196 and 197 and layer of longitudinal muscle 202 beneath circular 
muscle201. The muscle layers 201 and 202 each extend around the esophagus 186 and the stomachl88. A submucosal 
space 203 is any space located between mucosa layer 196or 197 and circular muscle layer 201 created by the separation 
oflayer 196 or 197 from muscle layer 201. The wall 193 has a depth or thickness which includes at least mucosa 
layers 196 and 197, muscle layers 201 and 202 and the submucosal space 203. The phreno-esophageal ligament 

10 204 and diaphragm 206 extend around the esophagus 1 86 above the lower esophageal sphincter 1 87. In the vicinity 
of the lower esophageal sphincter, as that term is used herein, includes at least the lower third of the esophagus, the 
squamous columnarjunction 198, and the gastric cardia or upper portion of the stomach 188. 

The apparatus of the present invention optionally includes a balloon assembly 211 made from any suitable 
material such as polyethylene, latex rubber, silicone or polyolefin (see FIGS. 6 and 7). Balloon assembly 21 1 has 

15 a first or lower balloon 212 sized for disposition below the lower esophageal sphincter 187 and is shown sized for 
disposition in stomach 1 88 where the esophagus 1 86 enters the stomach. Balloon assembly 2 1 1 has a second or upper 
balloon213 sized for disposition in esophagus 186 above the lower esophageal sphincter 187. An opening 214 can 
be provided through upper balloon213 for permitting insertion tube 31 to extend through the balloon213. Opening 
2 1 4 is sized relative to insertion tube 3 1 so as to snugly engage the insertion tube when upper balloon 2 13 is inflated. 

20 Aninflationtube216extends£romupperballoon213outoftheesophagus 186andmouth 192 for permitting inflation 
of the balloons 2 1 2 and 2 1 3 . A connecting tube extends between lower and upper balloons 2 1 2 and 2 1 3 for permitting 
lower balloon 2 12 to be inflated by means of inflation tube 216. In an alternate embodiment of balloon assembly 
211, lower balloon 2 1 2 can be separate from upper balloon 2 1 3 in which case each of the balloons is provided with 
a separate inflation tube. 

25 Inamethodofthepresentinvention, an inert, nonresorbable material is introduced into the body 184toaugment 

the wall of a hollow viscus in the body. In the embodiments of the method discussed below, this material is introduced 
into wall 193 of the gastrointestinal tract in the vicinity of the lower esophageal sphincter 187 so as to augment the 
wall and thus treat gastroesophageal reflux disease. Although any suitable material can be used with the method 
and/or apparatus of the present invention, one such material is at least one solution which when introduced into the 

3 0 body forms a nonbiodegradable solid. As used herein, a solid means any substance that does not flow perceptibly 
undermoderate stress, has a definite capacity for resisting forces which tend to deform it (such as compression, tension 
and strain) and under ordinary conditions retains a definite size and shape; such a solid includes, without limitation, 
spongy and/or porous substances. One such embodiment of the at least one solution is first and second solutions 
which when combined in the body form the nonbiodegradable solid. Another such embodiment is a nonaqueous 

35 solutionwMchcanbemtroducedmtoto^ 
embodiment of suchanonaqueous o 

solvent which can optionally include a contrast agent for facilitating visualization of the solution in the body. 
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A particularly preferred augmenting or bulking solution is a composition comprising from about 2.5 to about 
8.0 weightpercentof a biocompatible polymer, fromabout52 toabout87.5 weight percent of a biocompatible solvent 
and optionally fromaboutlOto about 40 weight percent ofa biocompatible contrast agent having a preferred average 
particle size of about lOum or less. It shouldbe appreciated that any percents stated herein which include a contrast 
agent would be proportionally adjusted when the contrast agent is not utilized. Any contrast agent is preferably a 
water insoluble biocompatible contrast agent. The weightpercentofthe polymer, contrast agent and biocompatible 
solvent is based on the total weight of the complete composition. In a preferred embodiment, the water insoluble, 
biocompatible contrast agent is selected from the group consisting of barium sulfate, tantalumpowder and tantalum 
oxide. In still a further preferred embodiment, the biocompatible solvent is dimethylsulfoxide (DMSO), ethanol, 
ethyl lactate or acetone. 

The term "biocompatible polymer" refers topolymers which, inthe amounts employed, are non-toxic, chemically 
inert, and substantially non-immunogenic when used internally in the patient and which are substantially insoluble 
in physiologic liquids. Suitable biocompatible polymers include, by way of example, cellulose acetates (including 
cellulose diacetate), ethylene vinyl alcohol copolymers, hydrogels (e.g., acrylics), poly(C,-C s ) acrylates, acrylate 
copolymers, polyalkyl alkacrylates wherein the alkyl and alk groups independently contain one to six carbon atoms, 
polyacrylonitrile, polyvinylacetate, cellulose acetate butyrate, nitrocellulose, copolymers of urethane/carbonate, 
copolymers of styrene/maleic acid, and mixtures thereof. Copolymers of urethane/carbonate include polycarbonates 
that are diol terminated which are mra reacted wito a oiisocyanate such as me 

for the urethane/carbonate copolymers. Likewise, copolymers of styrene/maleic acid refer to copolymers having 
a ratio of styrene to maleic acid of from about 7:3 to about 3:7. Preferably, the biocompatible polymer is also 
non-inflammatory when employed in situ. The particular biocompatible polymer employed is not critical and is 
selected relative to the viscosity of the resulting polymer solution, the solubility of the biocompatible polymer in 
the biocompatible solvent, and the like. Such factors are well within the skill of the art. 

The polymers of polyacrylonitrile, polyvinylacetate, poly(C,-C 6 ) acrylates, acrylate copolymers, polyalkyl 
alkacrylates wherein the alkyl and alk groups independently contain one to six carbon atoms, ceUulose acetate butyrate, 
nitrocellulose, copolymers of urethane/carbonate, copolymers of styrene/maleic acid and mixtures thereof typically 
will have a molecular weight of at least about 50,000 and more preferably from about 75,000 to about 300,000. 

Preferred biocompatible polymers include cellulose diacetate and ethylene vinyl alcohol copolymer. In one 
embodiment, the cellulose diacetate has an acetyl content of from about 3 1 to about 40 weight percent. Cellulose 
diacetate polymers are either commercially available or can be prepared by art recognized procedures. In apreferred 
embodiment, the number average molecular weight, as deterniinedby gel permeation chromatography, of the ceUulose 
diacetate composition is from about 25,000 to about 100,000 more preferably from about 50,000 to about 75,000 
and stillmore preferably from about 58,000 to 64,000. The weight average molecular weight ofthe ceUulose diacetate 
composition, as determined by gel permeation chromatography, is preferably from about 50,000 to 200,000 and 
more preferably from about 100,000 to about 1 80,000. As is apparent to one skilled in the art, with aU other factors 
being equal, ceUulose diacetate polymers having a lower molecular weight will impart a lower viscosity to the 
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composition as compared to higher molecular weight polymers. Accordingly, adjustment of the viscosity of the 
composition can be readily achieved by mere adjustment of the molecular weight of the polymer composition. 

Ethylene vinyl alcohol copolymers comprise residues of both ethylene and vinyl alcohol monomers. Small 
amounts (e.g., less than 5 mole percent) of additional monomers can be included in the polymer structure or grafted 
mereonprovidedsuchadditionalmonomersdonotaltermeimplantmgpropertiesofmecompos Such additional 
monomers include, by way of example only, maleic anhydride, styrene, propylene, acrylic acid, vinyl acetate and 
the like. 

Ethylene vinyl alcohol copolymers are either commercially available or can be prepared by art recognized 
procedures. Preferably, the ethylene vinyl alcohol copolymer composition is selected such that a solution of 8 weight- 
volume percent of the ethylene vinyl alcohol copolymer in DMSO has a viscosity equal to or less than 60 centipoise 
at 20° C and more preferably 40 centipoise or less at 20° C. As is apparent to one skilled in the art, with all other 
factors being equal, copolymers having a lower molecular weight will impart a lower viscosity to the composition 
as compared to higher molecular weight copolymers. Accordingly, adjustment of the viscosity of the composition 
asnecessaryforcatheterdehverycanbe readily achievedby mere adjustment of the molecular weight of the copolymer 
composition. 

As is also apparent, the ratio of ethylene to vinyl alcohol in the copolymer affects the overall 
hydrophobicity/hydrophilicity of the composition which, in turn, affects the relative water solubfflty/insolubility 
of the composition as well as the rate of precipitation of the copolymer in an aqueous solution. In a particularly 
preferred embodiment, the copolymers employed herein comprise a mole percent of ethylene of from about 25 to 
about 60 andamolepercentofvinylalcoholoffromabout 40 to about 75, more preferably a mole percent of ethylene 
of from about 40 to about 60 and a mole percent of vinyl alcohol of from about 40 to about 60. 

The term "contrast agent" refers to a biocompatible (non-toxic) radiopaque material capable ofbeing monitored 
during injection into a mammalian subject by, for example, radiography. The contrast agent can be either water 
soluble or water insoluble. Examples of water soluble contrast agents include metrizamide, iopamidol, iothalamate 
sodium, iodomide sodium, and meglumine. The term "water insoluble contrast agent" refers to contrast agents which 
are insoluble in water (i.e., has a water solubility of less than 0.01 milligrams per milliliter at 20°C) and include 
tantalum, tantalum oxide and barium sulfate, each of which is commercially available in the proper form for in vivo 
useandpreferablyhavingaparticlesizeoflOnmorless. Other water insoluble contrast agents include gold, tungsten 
andplatinumpowders. Methods forpreparing such water insoluble biocompatible contrast agents having an average 
particle size of about 10 um or less are described below. Preferably, the contrast agent is water insoluble (i.e., has 
a water solubility of less than 0.01 mg/ml at 20° C) 

The term "biocompatible solvent" refers to an organic material Uquid at least at body teinperature of the mammal 
in which the biocompatible polymer is soluble and, in the amounts used, is substantially non-toxic. Suitable 
biocompatible solvents include, by way of example, dimethylsulfoxide, analogues/homologues of dimethylsulfoxide, 
ethanol, ethyl lactate, acetone, and the like. Aqueous mixtures with the biocompatible solvent can also be employed 
provided thatthe amountof wateremployedis sufficiently small that the dissolvedpolymerprecipitates upon injection 
into a human body. Preferably, the biocompatible solvent is ethyl lactate or dimethylsulfoxide. 
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The term "encapsulation" as used relative to the contrast agent being encapsulated in the precipitate is not 
meant to infer any physical entrapment of the contrast agent within the precipitate much as a capsule encapsulates 
a medicament. Rather, this term is used to mean that an integral coherent precipitate forms which does not separate 
into individual components, for example into a copolymer component and a contrast agent component 
5 The compositions employed in the methods of this invention are prepared by conventional methods whereby 

each of the components is added and the resulting composition mixed together until the overall composition is 
substantially homogeneous. Forexample, sufficient amounts ofthe selected polymer are added to the biocompatible 
solvent to achieve the effective concentration for the complete composition. Preferably, the composition will comprise 
from about 2.5 to about 8.0 weight percent of the polymer based on the total weight ofthe composition and more 

1 0 preferably from about 4 to about 5 .2 weight percent. If necessary, gentle heating and stirring can be used to effect 
dissolution ofthe polymer into the biocompatible solvent, e.g., 12 hours at 50° C 

Sufficient amounts ofthe contrast agent are then optionally added to the biocompatible solvent to achieve 
the effective concentration for the complete composition. Preferably, the composition will comprise from about 
1 0 to about 40 weight percent of the contrast agent and more preferably from about 20 to about 40 weight percent 

15 and even more preferably about 30 to about 35 weight percent. When the contrast agent is not soluble in the 
biocompatible solvent, stirring is employed to effect homogeneity ofthe resulting suspension. In order to enhance 
formation ofthe suspension, the particle size ofthe contrast agent is preferably maintained at about 10 urn or less 
andmore preferably atfrom about 1 toabout5 ^im (e.g., an average size of about 2 fim). In one preferred embodiment, 
the appropriate particle size ofthe contrast agent is prepared, for example, by fractionation. In such an embodiment, 

2 0 a water insoluble contrast agent such as tantalum having an average particle size of less than about 20 microns is 
added to an organic liquid such as ethanol (absolute) preferably in a clean environment. Agitation ofthe resulting 
suspension followed by settling for approximately 40 seconds permits the larger particles to settle faster. Removal 
ofthe upperportion ofthe organic liquid followed by separation ofthe liquid from the particles results in a reduction 
ofthe particle size which is confirmed under an optical microscope. The process is optionally repeated until a desired 

2 5 average particle size is reached. 

The particular order of addition of components to the biocompatible solvent is not critical and stirring ofthe 
resulting suspension is conducted as necessary to achieve homogeneity ofthe composition. Preferably, mixmg/stirring 
ofthe composition is conducted under an anhydrous atmosphere at ambient pressure. The resulting composition 
is heat sterilized and then stored preferably in sealed amber botdes or vials until needed. 

3 0 Each ofthe polymers recited herein is commercially available but can also be prepared by methods well known 

in the art. For example, polymers are typically prepared by conventional techniques such as radical, thermal, UV, 
gamma irradiation, or electron beam induced polymerization employing, as necessary, a polymerization catalyst 
or polymerization initiator to provide for the polymer composition. The specific manner of polymerization is not 
OTticalandmepolymerizati^ m order to maintain solubUity 

35 in the biocompatible solvent, the polymers described herein are preferably not cross-linked, 
manomerparacularlyp^ 

can be replaced with a biocompatible prepolymer composition containing a biocompatible prepolymer. In this 
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embodiment, the composition comprises a biocompatible prepolymer, an optional biocompatible water insoluble 
contrast agent preferably having an average particle size of about 10 um or less and, optionally, a biocompatible 
solvent. 

The term "biocompatible prepolymer" refers to materials which polymerize in situ to form a polymer and 
which, in the amounts employed, are non-toxic, chemically inert, and substantially non-immunogenic when used 
internally in the patient and which are substantially insoluble inphysiologic liquids. Such acomposition is introduced 
mtomebodyasamixtureofreactive chemicals an^ 

biocompatible prepolymers include, by way of example, cyanoacrylates, hydroxyethyl methacrylate, silicon 
prepolymers, and the like. The prepolymer can either be a monomer or a reactive oligomer. Preferably, the 
biocompatible prepolymer is also non-inflammatory when employed in situ. 

Prepolymer compositions can be prepared by adding sufficient amounts of the optional contrast agent to the 
solution (e.g., liquid prepolymer) to achieve the effective concentration for the complete polymer composition. 
Preferably, the prepolymer composition will comprise from about 1 0 to about 40 weight percent of the contrast agent 
and more preferably from about 20 to about 40 weight percent and even more preferably about 30 weight percent. 
When the contrast agent is not soluble in the biocompatible prepolymer composition, stirring is employed to effect 
homogeneity of the resulting suspension. In order to enhance formation of the suspension, the particle size of the 
contrast agent is preferably maintained at about 10 urn or less and more preferably at from about 1 to about 5 um 
(e.g., an average size of about 2 um). 

When the prepolymer is liquid (as in the case of polyurethanes), the use of a biocompatible solvent is not 
absolutely necessary but may be preferred to provide for an appropriate viscosity in the augmenting solution. 
Preferably, when employed, the biocompatible solvent will comprise from about 10 to about 50 weight percent of 
the biocompatible prepolymer composition based on the total weight of the prepolymer composition. When a 
biocompatible solvent is employed, the prepolymeric composition typically comprises from about 90 to about 50 
weight percent of the prepolymer based on the total weight of the composition. 

In a particularly prefeiTed embodiment, the prepolymer is cyanoacrylate which is preferably employed in 
the absence of abiocompatible solvent. Whenso employed, the cyanoacrylate adhesive is selected to have a viscosity 
of from about 5 to about 20 centipoise at 20° C. 

The particular order of addition of components is not critical and stirring of the resulting suspension is conducted 
as necessary to achieve homogeneity of the coniposition. Preferably, niixmg/stirring of the composition is conducted 
under an anhydrous atmosphere at ambientpressure. The resulting composition is sterilized and then stored preferably 
in sealed amber bottles or vials until needed. 

Specific embodiments of augmenting solutions suitable for use in the apparatus and methods of the invention 
are described in U.S. Patent Nos. 5,667,767 dated September 16, 1997, 5,580,568 dated December 3, 1996 and 
5,695,480 dated December 9, 1997 and International Publication Number WO 97/45131 having an International 
Publication Date of December 4, 1997, the entire contents of which are incorporated herein by this reference. 

In operation and use of treatment device 21 in the method of the present invention, syringe 91 is filled with 
the augmenting solution in preparation of the procedure. The syringe 91 is loaded into gun 1 1 1 by opening cover 
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portion 1 14 to permit placement of barrel 92 within housing 1 12. Ring 138 is grasped to pull rod 136 rearwardly 
relative to housing 1 12 so that paddle 137 is disposed behind the retracted plunger 94. Cover portion 1 14 is closed 
and secured to base portion 113 by means of latch 117. The physician thereafter pulls trigger 141 as necessary to 
cause paddle 137 to engage the rear of plunger 94. 
5 Although the method of the present invention permits supply assembly 27 to be attached to needle assembly 

26 after needle 61 and sleeve 62 have been disposed in working channel 5 1 of probe 22, the method alternatively 
permits the supply assembly 26 to be attached to the needle assembly prior to such disposition ofthe needle assembly 
within probe 22. In either case, attachment is accomplished by coupling first luer fitting portion 104 of manifold 
98 to luer fitting portion 93 of syringe 91 and second luer fitting portion 106 ofthe manifold to the first luer fitting 

10 portion83offluidconnector81. Coupler 173 is pivoted downwardly so that first and second arms 176 thereof engage 
grip 82 and screw 179 tightened to secure the grip 82 in the slot 178 between arms 176. Thumb screw 172 is rotated 
in a counterclockwise direction relative to rear post 186 to ensure that needle 61 is fully retracted within sleeve 62. 
Thereafter, saline solution syringe 97 is coupled by means of tube 1 10 to third luer fitting portion 107 of me manifold 
98 and DMSO syringe 96 is coupled by means of tube 109 to fourth luer fitting portion 108 ofthe manifold. 

15 Probe 22 is prepared by connecting light cable 46 to light source 47 and attaching the proper eyepiece 4 1 

to handle 33. In addition, all other conventional attachments are applied to the probe 22. 

After thepatienthas been appropriately sedated or anesthetized, optional balloonassembly 211 is introduced 
through mouth 192 into esophagus 186 by standard procedures (not shown). In one method of so placing lower 
and upper balloons 2 12 and 213 in the esophagus, the lower balloon 212 is removably mounted on distal extremity 

20 31b ofthe insertion tube 31 and the upper balloon 213 is annularly mounted about the insertion tube 31 proximal 
ofthe lower balloon. Probe handle 33 is grasped by the physician to introduce distal extremity 3 lb of probe 22 into 
mouth 192 and advance the insertion tube 31 down esophagus 186. Optical viewing device 23 facilities such 
advancement by the physician of insertion tube 3 1 . In addition, optical viewing device 23 enables the physician 
to ensure that lower balloon 2 12 is properly disposed within esophagus 1 86. Insertion tube 3 1 has a length so that 

25 when distal extremity 31b is in the vicinity of lower esophageal sphincter 187, proximal extremity 31a is outside 
of body 184. 

Balloon assembly 21 1 is thereafter inflated by means of inflation tube 216. Upper balloon 213 creates a 
substantially fluid-tight seal in the esophagus above the lower esophageal sphincter 1 87 and lower balloon 2 1 2 creates 
a substantially fluid-tight seal ofthe esophagus below the lower esophageal sphincter 187. Inflation tube 216 can 

3 0 optionally be used to hold lower balloon 2 12 in a position against the gastroesophageal juncture. Connecting tube 
217 is longitudinally sized so that upper and lower balloons 213 and 212 are spaced-apart a distance ranging from 
4 to 15 centimeters. Balloon assembly 211 serves to create an isolated or sealed space 221 bounded by upper and 
lowerballoons213 and 2 12 and substantially centered on lower esophageal sphincter 187. The additional passageway 
56 in insertion tube 3 1 can be used to remove any liquids or other material within the sealed space 22 1 . If then filled 

35 with air, such an air space 221 inhibits the precipitation of the augmenting solution before its injection into waU 193. 

Distal end portions 61b and 62b of needle assembly 26 are now inserted through side port 52 of insertion 
tube 3 1 and advanced until such distal end portions of needle 6 1 and sleeve 62 are in the vicinity of insertion tube 
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distal extremity 3 lb. Needle 61 and sleeve 62 are each movable from a first position in which distal end portions 
6 lb and 62b are each retracted within insertion tube 3 1 and thus recessed within working channel 5 1 to a second 
position in which the distal end portions 6 1 b and 62b extend distally beyond the end of insertion tube 3 1 . The needle 
and sleeve each have a sufficient length so that the physician holding gun 1 1 1 can extend both the needle and the 
5 sleeve distally from distal extremity 3 lb a significant distance, should that be desired. 

A portion of the procedure for augmenting wall 1 93 in the vicinity of lower esophageal sphincter 1 87 is shown 
in FIGS . 7 and 8. Under the guidance of optical viewing device 23 , insertion tube distal extremity 3 lb is maneuvered 
to a position above the portion of wall 193 which is to be augmented. The physician retracts sleeve 62 relative to 
needle 6 1 by means of adjustment mechanism 1 66 so that needle distal end portion 6 1 b extends beyond sleeve distal 

10 end portion 62b a selected amount of at least 2 rnillimeters and preferably ranging from 2 to 15 millimeters. Such 
amount of extension can be easily determined for example by correlating such extension as a function of the rotation 
ofthumb screw 172 and properly calibrating the position of thumb screw 172 relative to rear post 168 in this regard. 
The retraction of needle 61 relative to sleeve 62 can occur either within working channel 5 1 or after the needle 61 
and sleeve 62 have been extended from insertion tube distal extremity 3 lb. The physician primes needle 61 with 

15 the saline or other aqueous or physiologic solution from syringe 97 and ensures that needle passage 63 is filled with 
saline solution by observing with optical viewing device 23 the saline solution being dispelled from the one or more 
openings 71 in needle distal end portion 61b. For simplicity, the operation of conventional stop cocks 101-103 for 
directing appropriate fluids to and from needle passage 63 will not be discussed in connection with the procedure. 
Thephysician causes sharpened end 67 ofneedle61 to penetrate wall 193 by moving the needle 61 andsleeve 

2 0 62 closer to sideport 52. The field of view of optical viewing device 23 permits the physician to observe the penetration 
of wall 193. Although the needle 61 and sleeve 62 can penetrate the wall 193 at any angle, it is preferred that the 
angle of penetration relative to wall 1 93 be less than 90° and more preferably less than 40° so that needle distal end 
portion 61b extends beneath the mucosal layer of wall 193 and does not extend further into muscle layers 201 and 
202 or beyond (see FIG. 7). Saline solution is injected into wall 193 to cause the esophageal mucosa 196 or gastric 

2 5 mucosa 197, as the case may be, to separate from circular muscle 201 and create an enlargement 226 in wall 193 

having an internal space 227 filled with the saline solution. The amount of saline solution required to create space 
227 can range from 0.25 to 10 cc and preferably range from 1 to 3 cc. 

After the creation of enlargement 226, the physician retracts needle 61 from space 227 and withdraws the 
re m a i ni n g saline solution frompassage 63 by means of pulling back the plunger on syringe 97 or by any other suitable 

3 0 method. The physician next cleanses needle passage 63 with DMSO from syringe 96 to ensure that the saline solution 

has been removed from passage 63. DMSO cleansing can be determined by observing a slight amount of DMSO 
being dispelled from needle distal end portion 61b. This cleansing step is enhanced by the introduction of the DMSO 
downstream ofsaline stop cock 103 and upstream of augmenting solution stop cock 101. The DMSO is now removed 
from passage 63 by withdrawing the plunger of syringe 96 or by any other suitable means. Removal of the saline 
solution frompassage 63 and the cleansing of the passage with DMSO inhibits premature precipitation within syringe 
91 of the biocompatible polymer in the augmenting solution from the DMSO in the augmenting solution. Needle 
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passage 63 is next primed with the augmenting solution carried by syringe 9 1 until such solution is available at the 
openings 71 in needle distal end portion 61b. 

The physician positions insertion tube distal extremity 3 lb in the esophagus and causes needle distal end 
portion 6 lb to penetrate the enlargements 226 and extend into the saline filled space 227. Thereafter, the physician 
5 pulls trigger 14 1 to cause the desired preselected amount of augmenting solution to be introduced through needle 
61 extending through probe 22 and upper balloon 213 into space 227. The openings 71 in needle distal end portion 
6 lb are positioned so that the augmenting solution is preferably introduced into the middle of space 227. The contrast 
agent within the augmenting solution permits the viewing of the augmenting solution by means of fluoroscopy. 
In addition, the introduction of the augmenting solution into wall 193 can be monitored transabdominally or 

1 0 transesophageally by ultrasound. The rate of injection of the augmenting solution into space 227 can range from 
0. 1 cc per minute to 10 cc per minute. 

Once the augmenting solution has been introduced into wall 1 93 , the biocompatible polymer of the augmenting 
solution precipitates to form one or more discrete deposits or solid implants 228 (see FIGS. 7 and 9). The amount 
or bolus of augmenting solution injected into wall 193 for each implant can range from 0.05 cc to 10 cc. The ratio 

15 of augmenting solution to saline in space 227 can range from 2: 1 to 1 :8 and preferably range from approximately 
one part augmenting solution to two to three parts saline solution. In one embodiment, the space 227 created by 
the saline solution predefines the configuration of the precipitant or implant 228. As can be seen from FIG. 7, the 
discrete implant 228 shown therein occupies less than all of space 227. In another embodiment (not shown), more 
augmenting solution than saline is introduced into the wall 193 so that the discrete implant 228 more than fills the 

2 0 space 227 created by the saline. 

It has been found that an injection of a suitable aqueous or physiologic solution such as a saline solution into 
wall 193 prior to the injection of the augmenting solution creates a space 227 which is more bulbous than elongate 
in configuration. The injection of the augmenting solution into the saline filled space 227 facilitates rapid precipitation 
and enhanced solidification of the biocompatible polymer. This rapid solidification facilitates the desired shaping 

2 5 of implant 228, which is shown in FIG. 7 as being somewhat spherical and elongated in shape. It has also been found 
that the saline solution facilitates the creation of a relatively soft and spongy implant 228. After completion of the 
injection of augmenting solution and the solidification of the biocompatible polymer, the remaining solution within 
space 227 disperses within body 184 and the space 227 contracts about implant 228 (see FIG. 8). 

The injection of the saline solution into the wall 193 prior to the injection of the augmenting solution serves 

30 to condition or prepare the tissue in the wall 193, that is to help the wall 193 receive the augmenting solution and 
thus facilitate implantation of the biocompatible polymer. In this regard, the saline solution enhances the body's 
acceptance of the augmenting solution by minimizing the rejection response to the implant 228 and contributing 
to the body's healing response to the implant. The saline solution also enhances the resolution of any irritative or 
inflammatory reaction of the body to the DMSO. It should be appreciated that the invention is broad enough to cover 

35 any introduction of a solution into the tissue of the body to condition or prepare the tissue for treatment and thereafter 
perfbraiing a treatment on the tissue. Although the conditioning solution has been described as a saline solution, 
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any suitable physiologic or aqueous solution can be used. In addition, antibiotics and/or anti-inflammatories can 
be introduced locally to condition the tissue. 

The saline solution within space 227 also facilitates the rapid dispersion of the DMSO from the augmenting 
solution thus diluting any local irritant effect of the DMSO. The saline solution further acts as a heat sink for the 
5 heat of dissolution of the solvent. 

Although only a single implant can be created in wall 193 in the method of the present invention, as shown 
in FIG. 9 where a single implant 228 is shown in wall 193 in the vicinity of the lower esophageal sphincter 187 and 
more specifically in the gastric cardia, additional implants 228 are created in wall 193 in one preferred embodiment 
ofthe method of the invention. In preparation thereof, needle 61 is removed from enlargement 226 and the augmenting 
1 0 solution within passage 63 withdrawn by pulling back on plunger 94. The needle 61 is cleansed with DMSO by 
filling the needle passage 63 with DMSO from syringe 96 and thereafter withdrawing the DMSO from the passage 
63. After the subsequent priming needle passage 63 with saline solution from syringe 97, the procedure discussed 
above can be repeated to create such additional implants 228. 

The number and configurations of implants 228 formed in wall 1 93 can vary. In one embodiment ofthe method 
15 ofthe present invention, a plurality of circumferentially spaced-apart implants 229 are created in wall 193 below 
lower esophageal sphincter 187 and below squamous columnar junction (see FIGS. 7 and 10). Implants 229 are 
each somewhat pillow-like in shape and are disposed substantially in a plane extending perpendicularly to a longitudinal 
axis extending along the centerline of esophagus 186 and into the stomach 188. A rosette of four implants 229 is 
shown in FIG. 1 0. The implants 229 are spaced-apart around the center ofthe rosette at approximately 90° intervals. 

2 0 It should be appreciated, however, that less than four or greater than four implants 229 can be provided and formed 

in wall 193 and can be circumferentially spaced-apart at approximately equal angular intervals or asymmetrically 
disposed about the center line. The plane of implants can be disposed above, below and/or at the lower esophageal 
sphincter 187. In other embodiments, implants can be formed which are not disposed in a single plane. 

The sizing, spacing and configuration of implants determines whether esophagus 186 is partially coapted 
25 or completely coapted by me method ofthe present invention. Implants 229 in FIG. 10 are sized and circumferentiaUy 
spaced so that the esophagus 186 is only partially coapted. In an alternate embodiment, a plurality of three 
circurriferentiaUy spaced-apart inrplants 232 are shown 

1 86. Less than three or more than three implants can alternatively be provided for completely coapting the esophagus 
186. 

30 In another embodiment ofthe method ofthe present invention, a plurality of implants disposed in additional 

planes spaced-apart from the first plane can be created. In FIG. 12, a second plurality of implants 233 is shown as 
having been created in wall 1 93 above the lower esophageal sphincter 1 87 and the plane of implants 229. A plurality 
of four implants 223, each sized and shaped substantially similar to implants 229, are shown in FIG. 1 2. The implants 
233 are circumferentiaUy spaced-apart at approximately 90° intervals and are offset approximately 45° from implants 

3 5 229 in the lower plane. It should be appreciated that implants 233 can be longitudinally aligned or otherwise configured 

with respect to implants 229. In addition, less than four or greater than four implants 223 can be provided, the number 
of implants 223 being greater than, equal to or less than the number of implants 229. In one embodiment ofthe 
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invention, the implants fonned thereby in multiple planes or otherwise are disposed within a longitudinal range which 
approximates two centimeters. Such an array of implants can be longitudinaUy centered on the squamous columnar 
junction 1 98. In another embodiment, a single implant can be provided for augmenting or partially or completely 
coapting esophagus 186 in the vicinity of the lower esophageal sphincter. 

In a further embodiment of the method of the present invention, one or more implants can be fonned in portions 
of the wall 193 other than mucosal layers 196 and 197 to bulk the wall 193 in the vicinity of the lower esophageal 
sphincter 1 87. For example, as shown in FIG. 1 3, one or more implants 236 can be fonned in one or both of muscle 
layers 201 and 202. An exemplary implant 236 is shown in FIG. 13 as being formed in circular muscle layer 201. 
The one or more implants 236 can serve to augment or partially or completely coapt the esophagus in the vicinity 
of the lower esophageal sphincter 1 87. Such implants 236 can also serve to reduce the distensibility of the muscle 
in layers 201 and 202 so as to tighten, stiffen or increase the compliance of the lower esophageal sphincter 1 87 and 
modify the lower esophageal sphincter to reestablish the reflux barrier. In addition, the natural healing process around 
the implants 236, which includes fibrosis in the muscle layers, may further restrict opening of the muscle atthe lower 
esophageal sphincter 187. Implants 236 can be arranged in a variety of configurations, including the various 
configuration of implants described above. 

The implants created by the method and apparatus of the invention add bulk to the wall 193 so as to form 
a barrier between the stomach and the esophagus and reduce the distensibility of the muscle in layers 201 and 202 
so as to increase the resistance of the wall 193 in the vicinity ofthe lower esophageal sphincter 187. Thesoftpillow-like 
implants interact with each other in a gentle fashion to permit food to travel down the esophagus. When the esophagus 
is at rest, the implants are close enough together to preclude retrograde travel of material in the stomach. 

The implants hereof are advantageously fonned between the mucosal layers 196 or 197 and muscle layers 
202 and 203 of wall 1 93 or m me muscle layere 202 and 203 so as to n^ 

of such mucosal layers. Formation of implants which are too superficial in the wall 1 93 can interrupt the blood flow 
to me mucosamerebycausmgmelayerofme mucosa 

ofthe augmenting material as a solution permits a relatively small needle 61 to be utilized. 

Although the method ofthe invention has been described as including the formation of a space 227 by a saline 
solution injected into the wall 193 priorto an injection of augmenting solution into the wall 193, itshouldbe appreciated 
that space 227 can be formed by other aqueous or physiologic solutions or by a local anesthetic. Alternatively, the 
augmenting solution can be injected into wall 1 93 without the prior formation of a space 227 by an injection of saline 
solution or otherwise. The augmenting solution can also be injected directly into the wall 193 without an injection 
of saline or any other solution for any secondary purpose described herein or otherwise. A saline or other aqueous 
or physiologic solution can optionally be introduced into such a space formed by the augmenting solution, that is 
after the introduction ofthe augmenting solution into the wall 193, to facilitate dispersion ofthe DMSO or other 
biocompatible solvent present in the augmenting solution. It can thus be seen that the invention is broad enough 
to cover the introduction of any conditioning solution into the tissue after the treatment to facilitate the treatment. 
In an alternative method for forming a plurality of implants within wall 193, aplurality of spaces 227 can be fonned 
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bysalmesolutionfromsyringe97. Subsequently, the augmenting solution from syringe 91 can be sequentiaUy injected 
into each of such spaces. 

In addition to or as an alternative to the prior or subsequent introduction of a saline or other solution into 
wall 1 93 , the sealed space 22 1 formed by lower and upper balloons 2 1 2 and 2 1 3 can be filled with such an aqueous 
5 solution such as saline or water to facilitate the method of the present invention. A saline solution in the isolated 
space 221 can serve to disperse the DMSO and cure the one or more implants 228. 

It should be appreciated that the implants of the present invention can be used as delivery vehicles for other 
materials such as radio isotopes, chemotherapeutic agents, anti-inflammatory agents and/or antibiotics. In addition, 
treatment device 21 can be used for introducing other materials, such as suspensions and the contrast agent, into 

10 a body and more specifically into a wall such as wall 1 93 in the body. 

The contrast agent in the implants permits the implants to be monitored after completion of the procedure 
described above. Thus the stability of the implant and its configuration can be observed over time. Further procedures 
can be performed to supplement previously formed implants. 

The implants of the invention can be removed for reversing the procedure of the invention. In one method 

15 for removing an implant, needle distal end portion 61b is inserted into the implant by means of probe 22 in a procedure 
similar to that discussed above. DMSO or any other suitable biocompatible solvent is injected from openings 71 
to dissolve or partially dissolve the implant and thereafter the reformed augmenting solution is removed by means 
of needle passage 63. Alternatively, the mucosal layer forrning the enlargement 226 can be incised to release the 
implant therein from wall 193. DMSO can optionally be sprayed on the implants to facilitate the removal thereof. 

2 0 The treatment of the invention can also be reversed by expanding the augmented or coapted region created by the 
implants in an suitable manner such as by use of a balloon or bougie. 

In another embodiment of the needle assembly of the present invention, needle 61 can be provided with a 
plurality of lumens or passages extending longitudinally therethrough for permitting multiple liquids to be separately 
carried by the needle. In a further alternative embodiment, a plurality of needles can be introduced through the working 

2 5 channels of any suitable probe such as probe 22. Each of such needles can be used to perform one or more of the 
steps of the invention. For example, separate needles can be provided for the introduction of the saline solution or 
other physiologic or aqueous solution, for the introduction of the DMSO or other biocompatible solvent and for the 
introduction of the augmenting solution. A portion of a needle assembly 24 1 having a plurality of needles is shown 
in FIG. 14. 

30 More ^ ec ^caUy,needlea^ 

similar to needle 6 1 shown in FIG. 4. Like reference numerals have been used to describe like components of needle 
61andfirstandsecondneedles242and243. Each of first and second needles 242 and 243 has a proximal end portion 
(not shown) and a sharpened distal end portion 246 provided with a distal opening 247. In alternate embodiments 
(not shown), any of the variety of needles described above can be utilized in needle assembly 241. 

35 Needle assembly 241 further includes a sleeve member or sleeve 248 substantially similar to sleeve 62. Sleeve 

248 has a proximal end portion (not shown) and a distal end portion 248b. The cylindrical sleeve 248 is provided 
with a plurality of lumens extending longitudinally therethrough, namely first and second spaced-apart lumens 25 1 



SUBSTITUTE SHEET (RULE 26) 



WO 00/33908 



PCT/US99/29427 



-20- 

and 252. First and second needles 242 and 243 are respectively disposed in first and second lumens 25 1 and 252 
for slidable movement therein. 

Sleeve 248 and first and second needles 242 and 243 carried thereby are slidably disposed within working 
channel 51 of probe 22 so that the proximal end portions of the first and second needles 242 and 243 and sleeve 
5 248 are accessible at side port 52 on the probe 22. The proximal end portions of the first and second needles 242 
and 243 are secured together by any suitable means such that the first and second needles are fixed longitudinally 
relative to each other and thus slide in unison within the sleeve 248. In the illustrated embodiment, the distal end 
of second needle 243 is spaced longitudinally from the distal end of first needle 242 and, more specifically, is spaced 
proximally of the distal end of the first needle a distance ranging from one to three niillimeters. In an alternate 

1 0 embodiment, the distal ends of the first and second needles 242 and 243 can be positioned head-to-head, that is not 
longitudinally spaced apart. In such an embodiment, the needles can be spaced so closely together so as to resemble 
asinglesharpenedneedlewithaduallumen. Alternatively, first and second needles 242 and 243 can be longitudinally 
fixed relative to each other by means of sleeve 248. In such an alternative embodiment, the needles 242 and 243 
are also fixed relative to the sleeve 248. 

15 The proximal end portions of first and second needles 242 and 243 are coupled to supply assembly 27 of 

treatment device 21. In one embodiment, first needle 242 is coupled to syringe 97 having saline solution therein 
and second needle 243 is coupled to syringe 91 having the augmenting solution therein. 

In operation and use, needle assembly 24 1 is utilized in treatment device 2 1 in substantially the same manner 
as discussed above with respect to needle assembly 26. After insertion of sleeve 248 and needles 242 and 243 into 

20 working channel 51 and advancement of insertion tube distal extremity 3 lb through esophagus 186 to the vicinity 
of the lower esophageal sphincter 1 87, sleeve 248 is retracted relative to first and second needles 242 and 243 and 
the needles extended out from working channel 5 1 . The needles are advanced toward wall 1 93 so that the sharpened 
distal end portion 246 of the distally-disposed first needle 242 penetrates the wall 193. Thereafter, saline solution 
fromsyringe 197 is injected into the wall 193 to create a space or pocket 227. Further advancement of the first and 

2 5 second needles 242 and 243 causes the second needle 243 to penetrate the enlargement 226 formed by the saline 

pocket 227. The physician then injects the augmenting solution through the second needle 243 into the pocket 227 
to create an implant of the type described above. It should be appreciated that first and second needles 242 and 243 
can alternatively be introduced simultaneously into wall 193 and be within the scope of the present invention. 

In an alternate procedure where it is desired to introduce the augmenting solution into wall 193 prior to the 

3 0 introduction of the saline solution, the reservoir 9 1 of augmenting solution is coupled to first needle 242 and the 

reservoir 97 of saline solution 97 is coupled to second needle 243. In such a procedure, first needle 242 is first 
introduced into wall 1 93 to form an implant therein. The sharpened distal end 246 of second needle 243 is thereafter 
introduced into the wall to inject an appropriate amount of the saline solution in the vicinity of the implant for the 
purposes described above. In a further embodiment (not shown) where the distal ends of the first and second needles 
3 5 242 and 243 are not longitudinally spaced apart, the needles 242 and 243 can be introduced simultaneously into the 
wall 193. 
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The inclusion of first and second needles 242 and 243 in needle assembly 24 1 reduces the complexity of the 
procedure. Since the augmenting solution and saline solution are no longer introduced through the same needle, 
the DMSO priming step required when only a single needle is utilized for the injection of the saline solution and 
the augmenting solution is eliminated. 
5 A furtherneedle assembly foruse with treatment device 21 and having a plurality of needles is shown inFIG. 

15. Needle assembly 261 shown therein is substantially similar to needle assembly 26 and like reference numerals 
have been used to describe like components of needle assemblies 26 and 261. First and second needles 262 and 
263 and first and second sleeves 266 and 267 are included in needle assembly 261. Each of the needles 262 and 
263 is substantially identical to needle 6 1 shown in FIG. 3 and described above and each of the sleeves 266 and 267 

10 is substantially similar to sleeve 62 described above. The first and second needles 262 and 263 are slidably disposed 
in respective longitudinally-extending lumens provided in first and second sleeve 266 and 267. As such, the first 
and second needles 262 and 263 are slidable relative to the respective first and second sleeves 266 and 267. In an 
alternate embodiment of the needle assembly 261, the first and second needles 262 and 263 can be fixed relative 
to respective first and second sleeves 266 and 267. 

15 The first and second sleeves 266 and 267 are each disposed within working channel 6 1 for slidable movement 

relative to each other and insertion tube 3 1 . The proximal end portions of the first and second needles 262 and 263 
and the proximal end portions of the first and second sleeves 266 and 267 are each accessible at side port 52 for 
permitting control of the needles and sleeves relative to probe 22. Supply assembly 27 is coupled to the proximal 
endportionsofeachofthefirstandsecondneedles262and263. In this regard, first needle 262 is coupled to reservoir 

20 91 of the augmenting solution and second needle 263 is coupled to reservoir 97 of the saline solution. 

In operation and use, needle assembly 26 1 can be utilized in substantially the same manner as discussed above 
with respect to needle assemblies 26 and 24 1 . In one such procedure, first needle 262 is used for introducing the 
augmenting solution into wall 193. Second needle 263 is used for introducing the saline solution into the wall 193. 
First and second needles 262 and 263 are movable relative to each other and to insertion tube 3 1 so as to permit the 

2 5 augmenting solution and the saline solution to be injected into wall 1 93 in any desired order. 

Another supply assembly for use with probe 22 and needle assemblies 26, 241 and 261 is shown in FIGS. 
16-17. Supply assembly 276 shown therein includes a receptacle or manifold 277 for holding a plurality of syringes 
and stop cocks. The manifold 277 is formed from a body 278 made from any suitable material such as plastic. Body 
278 is generally rectangular in shape and has a first side provided with a plurality of three cylindrical recesses 28 1 -283 

3 0 formed therein. Each of the recesses has a size and shape for receiving the barrel of a syringe. More specifically, 

the barrel of a first syringe 286 containing any suitable liquid such as the augmenting solution is disposed in first 
recess 28 1 . The barrel of a second syringe 287 containing any suitable nonaqueous liquid such as DMSO is disposed 
in the second recess 282. The barrel of a third syringe 288 containing any suitable liquid such as an aqueous or 
physiologic solution is disposed in third recess 283. A slot 291 is provided in body 278 for each of the recesses. 
3 5 Each of the slots 291 extends across the respective recess and is sized and shaped to receive the flange formed on 
the plunger end of the respective syringe. Slots 291 serve to longitudinally lock the syringes within body 278. 
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Body278 further includes a channel 292 forreceiving apluraUty of stop cocks296-298. Each of such three-way 
stop cocks includes a suitable fitting such as luer fitting portion 301 for securing the stop cock to the respective syringe 
286-288. Two additional fittings such as luer fittings 302 serve to connect second or DMSO stop cock 297 to first 
or augmenting solution stop cock 296 and second or saline solution stop cock 298. 

A fourth three-way stop cock 306 is secured to first stop cock 296 by any suitable means such as luer fitting 
307. A fourth or vent syringe 308 is secured to fourth or vent stop cock 306 by any suitable means such as luer fitting 
311. Vent stop cock 306 includes an additional fitting such as luer fitting portion 3 12 for coupling supply assembly 
276 to the needle assembly of treatment device 2 1 . With respect to needle assembly 26, luer fitting portion 3 1 2 can 
secure to either first or second luer fitting portions 83 and 84 of fluid connector 8 1 . Third stop cock 298 includes 
an additional luer fitting portion 3 1 3 which is capped during operation of supply assembly 276. Luer fitting portion 
313 is shown as being uncapped in FIG. 17. 

In operation and use, supply assembly 276 can be used in any of the procedures discussed above. In one 
exemplary procedure, the supply assembly 276 is coupled to fluid connector 8 1 of needle assembly 26. Second syringe 
287 is filled with approximately ten cubic centimeters of DMSO and third syringe 288 is filled with approximately 
ten cubic centimeters of saline solution. The first syringe 286 is filled with approximately five cubic centimeters 
of the augmenting solution. Syringes 286-288 andstop cocks 296-298 and306 are assembled and placed in manifold 
277. Vent syringe 308 is connected to fourth stop cock 306. As shown in FIG. 17, saline solution syringe 288 is 
positioned mthirdrecess 383 farthest from needle assembly 26, DMSO syringe 287 isplacedinthe second or middle 
recess 282 adjacent the saline solution syringe 288 and the augmenting syringe 286 is placed in the first recess 281 
in a position closest to needle assembly 26. 

Probe 22 is positioned in esophagus 186ofbody 184 in the manner described above. After the supply assembly 
276 is attached to fluid connector 2 1 of the needle assembly 26 by means of luer fitting portion 3 12, the physician 
confirms that needle 6 1 fully deploys and retracts relative to sleeve 62 without difficulty. Thereafter, the physician 
passes needle 6 1 and sleeve 62 down working channel 5 1 of probe 22 while visualizing the distal tip of needle assembly 
26 by means of optical viewing device 23. In the manner discussed above, the physician punctures the mucosa in 
an appropriate location in the vicinity of the lower esophageal sphincter 187 and passes needle distal end portion 
61b into the submucosal space 203. The physician slowly injects a sufficient quantity of the saline solution from 
third syringe 28 8 into wall 1 93 to create a generous submucosal space or pocket 227. After needle distal end portion 
61b is removed from wall 193, the remaining saline solution withinpassage 63 of the needle 6 1 is removed by means 
of saline solution syringe 288. The retracted needle distal end portion 62b is retained in the field of view of optical 
viewing device 23 during its removal from the wall 193. 

Needle assembly 26 is now prepared for introducing the augmenting solution into wall 193. In this regard, 
saline stop cock 298 is closed and DMSO stop cock 297 is opened to permit needle 61 to be primed with DMSO 
fromsyringe287. In one preferred procedure, DMSO is supplied to needle 61 until approximately 0.3 cubic centimeters 
of the DMSO is viewed spraying freely into the esophagus 186 from openings 71 in needle distal end portion 61b. 
DMSO is then withdrawn from needle 6 1 leaving only a column of approximately three centimeters in the proximal 
endporaon61aoftheneedJe61.SuchDMSOcolunmmconibinationwi mm eamountofDMSOw^ 
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8 1 approximates 0.2 cubic centimeters. DMSO stop cock 297 is closed and stop cock 296 is opened to permit needle 
6 1 to be slowly primed with approximately one cubic centimeter of the augmenting solution. During such priming 
step, the retained column of DMSO within needle assembly 26 is moved down needle 61 to distal end portion 61b 
so as to provide a leading column of DMSO approximating six centimeters. The remainder of needle assembly 26 
5 is filled with a dense column of the augmenting solution. 

In one procedure for creating an implant of the type described above having a volume of approximately one 
cubic centimeter, the following additional steps are performed. The physician closes the augmenting solution stop 
cock 296 and thereafterreopens DMSO stop cock297. Needle distal endportion 61b is reinjected through the mucosa 
into saline pocket 227. In a preferred procedure, needle 6 1 reenters the puncture site used to create the pocket 227. 

10 The physician slowly pushes the plunger of DMSO syringe 287 to deliver approximately one cubic centimeter of 
DMSO to needle assembly and cause the leading column of DMSO within needle distal end portion 61b and the 
augmenting solution upstream of such DMSO column to be delivered to the pocket 227. Thereafter, needle distal 
end portion 61b is removed from the wall 193 and the supply of DMSO to needle assembly 26 continued so that 
approximately 0.3 cubic centimeters of the DMSO is sprayed freely from opening 7 1 into the esophagus 1 86. Such 

1 5 spraying can be viewed through the optical viewing device 23 . The physician closes DMSO stop cock 297 and opens 
vent stop cock 306 to withdraw into vent syringe 308 the DMSO in needle assembly 26. 

The vented DMSO can be optionally tested for the presence of augmenting solution therein by injecting it 
into a suitable aqueous solution. Any augmenting solution in the vented DMSO will precipitate in the aqueous solution. 
As a further assurance that needle assembly 26 is free of the augmenting solution, the physician can optionally open 

2 0 DMSO stop cock 297 and inject a sufficient quantity of DMSO into needle assembly 26 so that approximately 0.3 
cubic centimeters of the DMSO sprays freely in a stream from needle distal end portion 61b into the esophagus 1 86. 

In preparation for the next implantation, the physician tests needle assembly 26 to make certain that needle 
6 1 deploys and retracts without difficulty. The physician next supplies a sufficient quantity of DMSO to the needle 
assembly so that about 0.3 cubic centimeters sprays freely from needle opening 71 into the esophagus 186. DMSO 

2 5 stop cock 297 is then closed and the saline solution stop cock 298 opened. Saline solution is delivered to needle 

assembly 26 until approximately one cubic centimeter is viewed spraying in a stream from needle opening 71 into 
the esophagus. The objective lens 37 of optical viewing device 23 is thereafter rinsed and the mucosal surfaces washed 
by a saline or other aqueous solution dispensed in a conventional manner from the distal end of probe 22. 

Syringes 286-288 are checked to ensure that they are sufficiently full for the next injection. If refilling is 

3 0 necessary, luer fitting portion 3 13 can be used to refill the saline solution syringe 288. Similarly, vent syringe 308 

can be removed and luer fitting portion 3 1 1 used to alternately refill augmenting solution syringe 286 and DMSO 
syringe 287. Luer fitting portions 313 and 3 1 1 permit these refill steps to be performed without disassembly of the 
supply assembly 276. Luer fitting portions 3 13 and 3 1 1 can also be used to clear any air bubbles from the supply 
assembly 276 and the needle assembly 26. Distal extremity 3 lb of the insertion tube 3 1 is redirected within esophagus 
35 1 86 to start the next implantation by puncturing the mucosa in the manner described above. 

In an alternate procedure for creating implants which are greater than approximately one cubic centimeter, 
the saline pocket is repunctured in the same manner as discussed above. Thereafter, augmenting solution fromsyringe 
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286 is supplied to the needle assembly 26 to inject the six centimeter leading column of DMSO and downstream 
augmenting solution within needle 6 1 into the pocket 227. The physician closes the augmenting solution stop cock 
296 and opens the DMSO stop cock 297 and completes the formation of the implant by pushing the balance of the 
augmenting solution within needle 61 into the pocket using a column of approximately one cubic centimeter of DMSO. 
5 The physician thereafter proceeds in this implantation procedure in the same manner as discussed above with respect 
to the creation of implants of approximately one cubic centimeter. 

The augmenting solution described above can be used in other gastrointestinal procedures for other than the 
treatment of gastroesophageal reflux disease and be within the scope of the present invention. For example, the solution 
herein can be used to augment luminal walls in the vicinity of fistulas to aid in the stenting or other treatment of 

10 fistulas. Anyofthe implant formations discussed above can be utilized. The augmenting ofthe wall facilitates support 
of the stent in the esophagus so as to enhance isolation ofthe fistula. In addition, the solution can be used to bulk 
other muscles in a body such as muscles in the vicinity ofthe anal sphincter to treat incompetent anal sphincters. 
The solution also has applications for the treatment of vessels, such as veins and arteries, in the wall forming the 
gastrointestinal tract. In this regard, the solution can be injected into veins in the lower esophagus to treat esophageal 

1 5 varices and into veins in the vicinity of ulcers to treat for example gastric ulcers. Similarly, the solution can be used 
for the treatment of hemorrhoids. In one exemplary procedure, a nonbiodegradable solid is formed in such vessel 
in the vicinity of a portion ofthe vessel from the least one nonaqueous solution to create an occlusion in the vessel 
and thus terminate blood flow to the vessel distal of the occlusion. In this manner, a bleeding of a varix beyond the 
implant will cease and eventually the varix will atrophy and disappear. 

2 0 Delivery apparatus other than treatment device 2 1 can be used in performing the method ofthe present invention. 

In addition, although the method and apparatus of the invention have been described when utilizing a biocompatible 
polymer and a biocompatible solvent, the method and apparatus can be modified as necessary when other solutions 
such as those containing prepolymers are utilized. In an alternate embodiment, not shown, the method ofthe present 
invention can be performed without optional balloon assembly 211. The syringes or other reservoirs described herein 
25 can be manually operated, as shown, or automated. For example, a conventional single-speed, multi-speed, 
programmable or other syringe pump can be used for automation. In procedures where no saline or similar solution 
is utilized, the saline solution syringe and the related saline solution fluid flow hardware need not be provided in 
the treatment device . Furthermore, the method of the invention is not limited to the transesophageal or intraesophageal 
method described above. The augmenting method herein can also be performed by surgical procedures such as a 

3 0 laparotomy, thoracotomy, laparoscopy or thoracoscopy. 

A kit 321 for a use in treating a wall forming the upper portion of a gastrointestinal tract in a human body 
in accordance with the method of the present invention is shown schematically in FIG. 18. Kit321 includes a package 
322 made from any suitable material such as cardboard or plastic for carrying the contents thereof. An exemplary 
package 322, shown in FIG. 18, is a box formed from a bottom wall 323, four side walls 324 and a top wall 326. 
35 A portion of top wall 326 is cut away in FIG. 1 8 to reveal an internal space 327 formed by walls 323 , 324 and 326. 
The contents of receptacle or package 322 are disposed in internal space 327. 



SUBSTITUTE SHEET (RULE 26) 



WO 00/33908 



PCT/US99/29427 



-25- 

Needle assembly 26 is carried by package 322 within internal space 327. As discussed above, needle assembly 
26 includes needle 6 1 , sleeve 62 and fluid connector 8 1 . A cap 328 can be removably attached to distal end portion 
62b of the sleeve 62 for protecting users against undesirable punctures by needle distal endportion 6 lb during storage 
and setup. Exemplary Luer fitting portions 83 and 84 of fluid connector 81 are shown as being capped in FIG. 18. 
5 Kit321 further includes areservoir, wmchcanbemmeformofsyringe91,andacontamerorvial331 ofanysuitable 
implant forming material. In one preferred embodiment, the implant forming material is the nonaqueous or augmenting 
solution referred to above. Vial 331 has a needle-penetrable cap 332 and Luer fitting portion 93 of syringe 91 is 
attached to a standard hypodermic needle (not shown), suchas needle 368 discussed below, mat is removably couplable 
to cap 332 by penetrating the cap 332 for loading the syringe 91 . As discussed above, luer fitting portion 93 of the 

10 syringe 91 is also removably couplable to fluid connector 81 of needle assembly 26. 

A delivery mechanism such as gun 1 1 1 for supplying a plurality of discrete preselected amounts of the 
nonaqueous solution from syringe 91 can optionally be included within kit 321. Syringe 91 is shown in FIG. 18 
as being mounted within gun 1 1 1. Additional optional components of kit 321 include a second reservoir, such as 
syringe 96, and a container of a biocompatible solvent such as DMSO in the form of vial 333. Vial 333 includes 

15 a needle-penetrable cap 334 and syringe 96 has a luer fitting portion 336 that is attachable to a standard hypodermic 
needle (not shown) which is removably couplable to cap 334 by penetrating the cap for loading the vial 333. Kit 
321 can optionally further include a plurality of stop cocks, such as stop cocks 101-103 and not shown in FIG. 18, 
for forming a manifold assembly 98 suitable for selectively directing the flow of liquid through needle assembly 
26 in the manner discussed above. A third reservoir or syringe (not shown) and/or a vial of aqueous solution such 

2 0 as saline solution (not shown) can also be optionally included in kit 32 1 . 

Kit 32 1 can be used in any of the procedures described above or in any other procedure for treating wall 1 93 
mmeuppergastromtestinal tract. Needle assembly 26 ofthe kit 321 is preferably used with an elongate probe member 
such as probe 22 described above. In this regard, needle assembly 26 is diametrically sized for introduction into 
the gastrointestinal tract through probe 22 and, more particularly, through working channel 51 of probe insertion 

2 5 tube 3 1 . Syringe 9 1 is loaded with the nonaqueous solution from vial 33 1 by any suitable means such as coupling 

luer fitting portion 93 ofthe syringe 9 1 to a conventional hypodermic needle for penetrating cap 332 ofthe vial 330. 
When filled, syringe 9 1 is attached to fluid connector 8 1 in a manner discussed above. Probe 22 is introduced into 
esophagus 186 until distal extremity 3 lb ofinsertion tube 31 ism me vicinity ofthe treatment area. Thereafter, distal 
endportions 61b and 62b of needle assembly 22 are advanced through insertion tube 3 1 until such distal endportions 

3 0 of needle 6 1 and sleeve 62 are in the vicinity of insertion tube distal extremity 3 lb. 

Gun 1 1 1 or another suitable delivery mechanism can optionally be utilized in the procedure. When gun 1 1 1 
is so used, syringe 91 is mounted within the gun in a manner discussed above. In addition, optional syringe 96 can 
be used for supplying a suitable biocompatible solvent such as DMSO through needle assembly 26 during the procedure. 
The syringe 96 is filled by removably coupling luer fitting portion 336 thereof to a conventional hypodermic needle 
3 5 for penetrating cap 334 of vial 333. Thereafter, the syringe 96 is coupled to fluid connector 8 1 in amanner discussed 
above. In addition, optional saline solution syringe 97 can be coupled to fluid connector 8 1 in a manner discussed 
above for use during the procedure. 
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As discussed more fully above in the procedure for treating gastroesophageal reflux disease, the nonaqueous 
solution from syringe 91 can be introduced into wall 193 in the vicinity of the lower esophageal sphincter 187 for 
bulking or otherwise treating the wall 1 93 . In one such exemplary procedure discussed above, the nonaqueous solution 
is introduced into one or both of muscle layers 201 and202 of wall 193 to form one or more nonbiodegradable implants, 
5 such as implants 23 6, in one or both of the muscle layers 20 1 and 202. Such implants can be formed above and/or 
below squamous columnar junction 1 9 8 and be formed in addition to or without other implants in esophageal mucosa 
196 for submucosal space 203. A biocompatible solvent such as DMSO and/or an aqueous solution such as saline 
be optionally be utilized in the manner discussed above in such procedure. 

Implants from an exemplary procedure in which a plurality of implants are formed in each of muscle layers 

10 201 and 202 of the gastric cardia, that is below squamous columnar junction 198, are shown in FIG. 19. In such 
procedure, needle distal end portion 61b is introduced into one or both of muscle layers 201 and 202 of wall 193 
in the manner discussed above. Thereafter, the non-aqueous solution within syringe 9 1 is delivered through needle 
assembly 26 into wall 193 in a pulsed manner, by means of gun 1 1 1 or any other manual or automated syringe or 
device, so as to create a plurality of small spaced-apart implants 337 in circular muscle layer 201 and/or longitudinal 

15 muscle layer 202. The volume of each pulse of nonaqueous solution can range from 0.25 to 5.0 cubic centimeters 
and more preferably from 0.5 to 2.0 cubic centimeters. One preferred speed of injection of the nonaqueous solution 
ranges from 0.50 to 2.0 cubic centimeters per minute. The pulsed introduction of the nonaqueous solution into wall 
193 causes the solution to migrate from the opening in the needle distal end portion 61b so as to form a plurality 
of lake-like interdigitated implants 337. 

2 0 Implants 337 are interspersed between muscle fibers and have an exemplary size ranging from 0.05 to 0.2 

cubic centimeters and more preferably from 0.075 to 0. 125 cubic centimeters. A plurality of implants 337 and, as 
shown inFIG. 19, a plurality of three implants 337a can be spaced apart across the thickness of wall 193. Similarly, 
a plurality of implants 337 and, as shown in FIG. 19, a plurality of two implants 337b can be spaced apart across 
the thickness of one or both of muscle layers 20 1 and 202. The implants 337 can be spaced apart completely around 

2 5 muscle layers 20 1 and 202, be grouped in circumferentially spaced-apart sets 338 of implants 337 around the layers 
201 and 202 or be asymmetrically spaced around the layers 201 and 202. In the results shown in FIG. 19,foursets 
338 of implants 337 are shown, each set 338 being spaced apart approximately 90° from adjacent sets 338. Such 
a plurality of closely spaced-apart implants 337 serve to reduce the distensibility of wall 193 and thereby modify 
the lower esophageal sphincter 187 to reestablish the reflux barrier. The stiffened sphincter is less likely to relax 

30 and permit reflux of food and/or other materials within stomach 1 88. Such closely spaced-apart implants 337 can 
be formed other than by pulsing the introduction of the nonaqueous solution, such as by continuous injection of the 
nonaqueous solution, and be within the scope of the present invention. 

Other exemplary sizes and configurations of implants for use in the gastrointestinal tract are illustrated in 
FIG. 20, which shows a cross-sectional view of the gastric cardia similar to FIG. 1 9 that has been segmented to depict 

35 such other implants. As shown in one segment of wall 193 inFIG. 20, oneormore implants 341 each having a size 
smaUerthanimplants337can be formed in the wall 193 for reducing the distensibility of the wall. Such oneormore 
implants 34 1 can be formed in one or both of muscle layers 20 1 and 202. A plurality of implants 34 1 can be spaced 
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apart across the thickness of one or both of muscle layers 201 and 202. One or more implants 342 each having a 
size larger than implants 337 but smaller than implant 228 shown in FIGS. 7-9 can also be formed in one or both 
of muscle layers 201 and 202. Another segmented portion of wall 193 shown in FIG. 20 illustrates a plurality of 
two implants 342 formed in layers 201 and 202. One or more implants 343 which are other than round can also 
be formed in one or both of muscle layers 201 and 202 of wall 343, as shown in a further segmented portion of the 
gastric cardia depicted in FIG. 20. A plurality of two elongate thin implants 343, in combination with one implant 
342, is shown in FIG. 20. Eachofthe elongate implants 343canbefonnedfromasinglepulsed or continuous injection 
of a suitable material, such as the nonaqueous solution discussed above, or from the merger of two smaller implants 
formed in the wall 193. A plurality of implants 343 can be formed in one or both of muscle layers 201 and 202. 
A plurality of a smgle type of mplant 337, 34 1 , 342 

can be symmetrically or asymmetrically disposed around esophagus 1 86. Implants so formed in one or both of muscle 
layers 201 and 202 may or may not deform the surface forming esophagus 186 and thus may or may not partially 
or completely coapt the esophagus. 

Kit 321 can be used for treating tracheo-esophageal fistulas. In such a procedure, a nonaqueous solution is 
introduced by needle 6 1 into wall 1 93 in the vicinity of the fistula to augment the wall and thus facilitate the retention 
of a stent placed in the esophagus to isolate the fistula. Kit 321 can also be used in further procedures within the 
upper gastrointestinal tract, such as the procedures described above for treating vessels, such as veins and arteries, 
and for treating gastric ulcers. Needle 6 1 and sleeve 62 of needle assembly 26 are appropriately sized for the desired 
procedure. Specifically, each of needle 6 1 and sleeve 62 must have a length at least sufficient to permit distal end 
portions 6 lb and 62b to be in the vicinity of the treatment site when proximal end portions 6 1 a and 62a are outside 
of the body. Probe 22 is appropriately sized in a similar manner. 

In another method of the invention for treating the gastrointestinal tract, material can be introduced into the 
wall forming the lower gastrointestinal tract in the vicinity of the anus of a body to treat the rectal wall. As shown 
in FIGS. 21-23, the gastrointestinal tract includes the rectum 346 and opens to the outside of body 184 at the anus 
347. The inner layer of the wall 348 forming rectum 346 is mucosal layer 35 1 . A layer of muscle extends around 
the rectum 346 and also forms part of rectal wall 348. Such muscle layer comprises circular muscle layer 352 extending 
beneathmucosal layer 351 and longitudinal muscle layer 3 53 extending beneathmuscle layer 352. Body 184 further 
includes the anal sphincter 356having the sphincter ani intemus 357 and the sphincter ani externus 358. The sphincter 
ani intemus 357 forms the terminus of circularmuscle layer 3 52 at anus 347. The sphincter ani externus 358 comprises 
a deep external sphincter 361, the superficial external sphincter 362 and the subcutaneous external sphincter 363. 
For purposes of this application, rectal wall 348 and thus the wall of the gastrointestinal tract of body 1 84 includes 
both the sphincter ani intemus 357 and the sphincter ani externus 358. 

In the method for treating fecal incontinence of the present invention, a solution is introduced into rectal wall 
348inthevicinityof anal sphincter356by any suitable means to augment, bulk or otherwise decrease the distensibihty 
of the anal sphincter 356. One preferred apparatus for introducing the solution into rectal wall 348 is a conventional 
syringe 366 having a barrel 367 filled with the solution. A conventional elongate needle 368 is connected to syringe 
366 for delivering the solution from barrel 367 into rectal wall 348. Tubular needle 368 can be of a conventional 
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type and, as such, provided with a single opening at the distal end thereof. Alternatively, needle 368 can be similar 
to any of the needles described above. 

Any suitable material or solution, including without limitation any or the materials or solutions discussed 
above, canbeutilizedforaugmentmg, modifying the distensibihty or omerwise treating rectal wall 348 in the vicinity 
of anus 347. In a preferred method of the invention, at least one nonaqueous solution is introduced into rectal wall 
348 for forming a nonbiodegradable solid or implant in the rectal wall. In a particularly preferred method, the at 
least one solution is a solution of a biocompatible polymer and a biocompatible solvent. Once such solution is 
introduced into rectal wall 348, the biocompatible polymer precipitates from the solution so as to form an implant 
and the bio-compatible solvent disperses in body 184. 

Any number and configuration of implants 37 1 can be formed in rectal wall 348. In one preferred method, 
aplurality of circumferentially spaced-apart implants 371 are formed in the rectal wall 348 (see FIGS. 21-22). The 
discrete implants 371 can be formed in mucosal layer 351, circular muscle layer 352 and/or longitudinal muscle 
layer 353. In addition, the implants 371 can be formed in anal sphincter 356, as shown in FIGS. 21-22 where the 
implants371 are located in sphincter aniinternus 357. Itshouldbe appreciated that implants 371 can also be formed 
in any or all of the portions of sphincter ani extemus 358, namely, deep external sphincter 361, superficial external 
sphincter 362 and/or subcutaneous external sphincter 363. An exemplary implant 372 formed by dashed lines is 

shownmeachofdeepextemalsplimcter361,superficialextemdsphincter362andsubcutane 
363 in FIG. 21. 

When a plurality of implants 37 1 are formed in rectal wall 348 in the vicinity of anus 347, such implants can 
be disposed substantially in a plane, as shown in FIGS. 21-22, in multiple planes or out of plane. Implants 371 can 
be symmetrically or asymmetrically disposed around the anus 347. Implants similar to any of implants 337 and341-343 
canbe formed in any portion of the wall 348, including portions of sphincter aniinternus 357 or sphincter ani extemus 
358. Such implants can be formed from pulsed or continuous injections of a solution from syringe 366 or by any 
other suitable manual or automated means. The amount of any such solution injected into rectal wall 348 can range 
from0.05to lOcubic centimeters and the rate of injection of the solution can range from 0.1 to 10 cubic centimeters 
per minute. 

Other apparatus can be utilized forbulking rectal wall 348 in the vicinity of anus 347. For example, as shown 
in FIG. 23 a delivery mechanism or gun 376 which provides preselected amounts of the solution into rectal wall 
348canbeutilized. Gun 3 76 is substantially similar to gun 111 and like reference numerals have been used to describe 
likecomponentsofguiisllland376.Gun376doesnotmcludemeadjustmentmechanisml66ofgunl^ 
366 can be utilized with gun 376 and a stop cock 377 can be disposed between syringe 366 and needle 368 for 
permitting a biocompatible solvent such as DMSO and/or an aqueous solution such as saline to be alternatively 
introduced through needle 368 into rectal wall 348. Reservoirs such as respective syringes 96 and 97 can be utilized 
in this regard. 

In another treatment of the lower gastrointestinal tract, one or more implants can be formed in vessels, such 
as blood vessels, in the gastrointestinal wall. For example, a nonbiodegradable solid can be formed in the vessel 
in the vicinity of a portion of the vessel from the least one nonaqueous solution to create an occlusion in the vessel 
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and thus terminate blood flow to the vessel distal of the occlusion. More specifically, an implant can be formed 
in a blood vessel in the vicinity of a hemorrhoid to terminate blood flow beyond the implant and thus ceases any 
bleeding of the hemorrhoid beyond the implant. Such cessation of blood flow eventually causes the hemorrhoid 
to atrophy and disappear. 

It should be appreciated that the implants of the present invention can be used as delivery vehicles for other 
materials suchas radioisotopes, chemotherapeutic agents, anti-inflammatory agents and/or antibiotics. Theoptional 
contrast agent in the implants permits the implants tobe monitored after completion ofthe procedure described above. 
Thus the stability ofthe implant anditsconfigurationcanbeobservedovertime. Furtherprocedurescanbeperformed 
to supplement previously formed implants. 

It can be seen from the foregoing that the implants formed in the wall ofthe gastrointestinal tract, including 
wall 193 and rectal wall 348, can be of a variety of sizes and formed in a variety of configurations. The implants 
can be formed from any suitable material such as any ofthe materials discussed above. Other suitable materials 
for introduction into the wall ofthe gastrointestinal tract include injectable bioglass as described in Walker et al., 
"Injectable Bioglass as a Potential Substitute for Injectable Polytetrafluorethylene Particles", J.Urol., 148:645-7, 
1992, small particle species such as polytetrafluoroethylene (PTFE) particles in glycerine such as Polytef®, 
biocompatible compositions comprising discrete, polymeric and silicone rubber bodies such as described in U.S. 
Patent Nos. 5,007,940, 5,158,573 and 5,1 16,387 to Berg, biocompatible compositions comprising carbon coated 
beads such as disclosed in U.S. Patent No. 5,451,406 to Lawin, collagen and other biodegradable material ofthe 
type disclosed in U.S. Patent No. 4,803,075 to Wallace et al. and other known injectable materials. Any material 
or solution utilized for forming such implants can be injected into the wall in a variety of manual or automated and 
pulsed on continuous manners. One or more implants can be formed in any ofthe layers ofthe wall, including any 
ofthe muscle layers ofthe wall and any veins for other vessels in the wall. Without limiting the foregoing, it should 
be appreciated that any ofthe implants ofthe invention, such as implants 337 and 341-343, can be formed in any 
sphincter-like muscle or mechanism in the gastrointestinal tract or elsewhere in the body. 

From the foregoing, it can be seen that a minimally invasive treatment, apparatus and kit for treating the 
gastrointestinal tract has been provided. A material is injected into the wall forming the gastrointestinal tract to form 
one ormore implants in the wall for augmenting or bulking the wall. The material canbe a nonbiodegradable material. 
The material can be injected as at least one solution that thereafter forms a solid. In one embodiment, the at least 
one solution includes a solution from which a nonbiodegradable solid precipitates. In a more specific embodiment, 
the solution includes a biocompatible polymer and a biocompatible solvent. An aqueous or physiologic solution 
can optionally be introduced into the wall to condition the wall. The apparatus and kit can be used to form one or 
more implants in the wall forming the esophagus and/or stomach in the vicinity ofthe lower esophageal sphincter 
for treating gastroesophageal reflux disease. The apparatus and kit can also be used for treating tracheo-esophageai 
fistulas by forming one or more implants in the wall to facilitate support of a stent in the esophagus and formation 
of a seal between the esophageal wall and the stent. The apparatus and kit can also be used for treating vessels in 
the gastrointestinal wall, such as varices, hemorrhoids and gastric ulcers, by injecting a material into a vessel to 
substantially occlude the vessel. The apparatus and kit can further be used to form one or more implants in the wall 
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in the vicinity of the anal sphincter for treating fecal incontinence and/or to form one or more implants of a 
nonbiodegradable material in the anal sphincter for augmenting the anal sphincter. 
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What is claimed is: 

1. An apparatus for treating a wall forming a cavity in a body having a natural body opening for 
accessing the cavity comprising a flexible elongate member having proximal and distal extremities, the flexible elongate 
member having a passageway extending from the proximal extremity to the distal extremity, a handle coupled to 
the proximal extremity of the flexible elongate member for introducing the distal extremity of the flexible elongate 
member into the natural body opening, the flexible elongate member having a length so that when the distal extremity 
is in the vicinity of the wall the proximal extremity is outside of the body, a needle disposed in the passageway and 
accessible from the proximal extremity of me flexible elongate member for movement from a retracted posin^^ 

in the passageway to an extended position disposed out of the passageway for penetrating the wall, the needle having 
a distal end portion provided with at least one opening and a passage extending through the needle to the opening 
and a supply assembly including at least one reservoir of at least one nonaqueous solution capable of forming a 
nonbiodegradable solid in the body coupled to the proximal extremity of the flexible elongate member for introducing 
the nonaqueous solution through the passage and the at least one opening in the needle into the wall whereby the 
nonbiodegradable solid forms from the nonaqueous solution in the wall to treat the wall. 

2. The apparatus of Claim 1 wherein the distal end portion ofthe needle has a cylindrical wall forming 
the passage, the cylindrical wall being provided with a plurality of circumferentially spaced-apart openings extending 
through the cylindrical wall into the passage. 

3 . The apparatus of Claim 1 wherein the at least one solution is a solution of a biocompatible polymer 
and a biocompatible solvent and wherein the supply assembly includes a reservoir of a solution of a biocompatible 
polymer and a biocompatible solvent. 

4. The apparatus of Claim 3 wherein the supply assembly includes a reservoir of a solution of a 
biocompatible polymer, a biocompatible solvent and a contrast agent. 

5. The apparatus of Claim 4 wherein the contrast agent is a water insoluble contrast agent. 

6. The apparatus of Claim 4 wherein the contrast agent is a water soluble contrast agent. 

7 . The apparatus of Claim 3 wherein the supply assembly includes a delivery mechanism for supplying 
a plurality of discrete preselected amounts of the solution ofthe biocompatible polymer and the biocompatible solvent 
from the reservoir thereof to the needle for introduction into the wall. 
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8 . The apparatus of Claim 7 wherein the reservoir is a syringe having a barrel and a plunger for dispelling 
solution from the barrel and wherein the delivery mechanism includes finger operable means coupled to the plunger 
for causing incremental relative movement between the barrel and the plunger. 

9. The apparatus of Claim 3 wherein the supply assembly further includes a reservoir of an aqueous 
solution for facilitating the implantation of the biocompatible polymer in the body. 

1 0. The apparatus of Claim 3 wherein the needle is slidably disposed in the passageway of the flexible 
elongate member and has a proximal end portion accessible from the proximal extremity of the flexible elongate 
member and wherein the supply assembly is coupled to the proximal end portion of the needle. 

1 1 . The apparatus of Claim 1 wherein the at least one solution is a nonaqueous solution and wherein 
the supply assembly includes an additional reservoir of an aqueous solution, further comprising an additional needle 
slidably disposed in the flexible elongate member and accessible from the proximal extremity of the flexible elongate 
member for movement from a retracted position disposed within the flexible elongate member to an extended position 
disposed out of the flexible elongate member for penetrating the wall. 

12. The apparatus of Claim 1 1 wherein the additional needle is fixed longitudinally relative to the first- 
named needle and has a distal end portion spaced longitudinally of the distal end portion of the first-named needle. 

1 3 . The apparatus of Claim 1 1 wherein the additional needle is movable longitudinally relative to the 
first-named needle. 

14. The apparatus of Claim 1 wherein the needle is slidably disposed in the passageway of the flexible 
elongate member and has a proximal end portion accessible from the proximal extremity of the flexible elongate 
member, a sleeve slidably disposed on the needle and having a proximal end portion accessible from the proximal 
extremity of the flexible elongate member, a finger operable adjustment mechanism connected to the proximal end 
portion of the needle and the proximal end portion of the sleeve for causing longitudinal relative movement between 
the needle and the sleeve so as to select the amount which the distal end portion of the needle extends beyond the 
sleeve. 

15. The apparatus of Claim 1 foruse in treating gastroesophageal reflux disease ina human body having 
an esophagus extending through a lower esophageal sphincter to a stomach and a wall forming the esophagus and 
the stomach, the apparatus comprising a balloon assembly for introduction into the esophagus, the balloon assembly 
having a first balloon for disposition below the lower esophageal sphincter to seal the esophagus below the lower 
esophageal sphincter and a second balloon for disposition above the lower esophageal sphincter to seal the esophagus 
above the lower esophageal sphincter whereby the first and second balloons create a sealed space about the lower 
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esophageal sphincter and the needle extends from the sealed space into the wall in the vicinity of the lower esophageal 
sphincter. 

16. The apparatus of Claim 15 wherein the first balloon is provided within an opening therethrough 
for receiving the flexible elongate member. 

5 17. A kit for use in treating a wall forming the upper portion of a gastrointestinal tract in a body of 

a mammal comprising a package, a needle assembly carried within the package and including an elongate tubular 
member having proximal and distal extremities and a tubular needle slidably disposed in the elongate tubular member 
and movable from a retracted position in which the tubular needle is recessed within the distal extremity of the elongate 
tubular member to an extended position in which the tubular needle projects distally of the elongate tubular member 

10 and a fluid connector carried by the proximal extremity of the elongate tubular member and coupled to the tubular 
needle, a syringe removably couplable to the fluid connector carried within the package and a container of a nonaqueous 
solution removably couplable to the syringe carried within the package, a nonbiodegradable solid formable from 
the nonaqueous solution when the nonaqueous solution is introduced into the wall of the body whereby the nonaqueous 
solution is loaded from the container into the syringe and delivered from the syringe by means of the needle assembly 

15 into the wall to form an implant in the wall. 



1 8. The kit of Claim 1 7 for use in a gastrointestinal tract having an esophagus extending from a mouth 
through a lower esophageal sphincter to a stomach wherein the elongate tubular member has a length so that when 
the distal extremity is in the vicinity of the lower esophageal sphincter the proximal extremity is outside of the body. 

19. The kit of Claim 17 wherein the elongate tubular member is made from flexible plastic. 

20. The kit of Claim 17 for use with an elongate probe member wherein the needle assembly is 
diametrically sized for introduction into the gastrointestinal tract through the elongate probe member. 

21. The kit of Claim 17 wherein the nonaqueous solution is a solution of a biocompatible polymer 
and a biocompatible solvent. 



22. The kit of Claim 2 1 further comprising an additional syringe and a container of the biocompatible 
2 5 solvent carried within the package. 

23. The kit of Claim 17 further comprising a delivery mechanism for supplying a plurality of discrete 
preselected amounts of the nonaqueous solution from the syringe to the needle assembly for introduction into the 
wall. 
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new claims 24-27 added; remaining claims unchanged (1 page)] 

24. The use of a solution of a biocompatible polymer and a biocompatible solvent in the manufacture 

of a medicament for the treatment of gastrointestinal reflux disease. 

25. The use of Claim 24 wherein the solution further includes a contrast agent 

26. The use of Claim 25 wherein the contrast agent is a water insoluble contrast agent 
5 27. The use of Claim 25 wherein the contrast agent is a water soluble contrast agent 
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